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FOREWORD

A research study on the development of a potting and encapsulating compound
and a conformal coating all based principally on inorganic materials has been
performed under Contract Number NAS-9-8749., Manned Spacecraft Center,
Houston, Texas.

The professional personnel associated with the work are:
Paul E. Rowe
Kenneth H. Lothrop
Scott H. Foster

The technical monitor was Mr. Harry F. Kline, Materials Technology Branch,
NASA, Manned Spacecraft Center, Houston, Texas.
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ABSTRACT

Four compounds, non-flammable in oxygen, were developed, two
of which were potting compounds and two were coatings. Of the
two potting compounds, one is completely inorganic, and the other
about 80% inorganic. Glass microballoons were incorporated to
make the products repairable and to reduce density. In both
formulations, a volatile solvent was found necessary. Removal

of the solvent by evaporation left a porous structure that required
a sealer coat. Some of the electrical properties under conditions
of high humidity did not meet the requirements of the work
statement. It was felt that this was due to the porosity.

A conformal coating based on a brominated polyester was developed
which was not porous, but which was not as readily repairable as
the potting compound. It passed the majority of the requirements.




SECTION I

INTRODUCTION

Emerson & Cuming, Inc. was awarded a contract to conduct a program for
the development of an inorganic non-flammable potting compound and conformal
coating for use inside a manned spacecraft. Emerson & Cuming, Inc. presently
offers completely inorganic castable ceramic encapsulants, and is therefore
not unfamiliar with materials of this nature. These products have specific gravity
around 2.5, and cannot be removed for the repair or replacement of a defective
unit. Low specific gravity and easy repairability were among the properties
sought in the potting compounds to be developed.

Past experience had demonstrated that the incorporation of glass micro-
balloons (Eccospheres) not only reduced the density of formulations containing
them, but in certain instances made these systems easily repairable. A system
that is completely inorganic is ideal from the non-flammability point of view. It
was obvious from the start, however, that the rigidity and porosity of such a sys-
termn might leave something to be desired. It was also predicted from its chemical
nature that adhesion would not be good and its electrical properties would deteri-
orate in humid air.

An organic binder should lead to considerable improvements in these last
two properties, but might not give acceptable behavior when subjected to the
oxygen flammability test.

The program was divided into two main sections: a) development of potting
compounds and conformal coating, and b) the preparation of test samples and
execution of the specified tests. Two potting compounds have been developed
that can be used without undue difficulties: one of these is an all inorganic
system, the other is largely inorganic, but contains an organic binder. A
coating was required to seal the porosity of both of these potting compounds.
Approx.mately thirty (30) observations and tests of widely varying complexity
were required on each potting compound and on the conformal coating.




SECTION 1II
SUMMARY

Work was done to develop a potting compound with particular emphasis on
materials that are non-flammable in oxygen.

Two approches were carried out: one, a totally inorganic composition, the
other an inorganic material bonded together with a small amount of organic
polymer. The former is based on a technology disclosed in U. S. Patent 2, 914, 413
and already being used at Emerson & Cuming, Inc. under license from Pennsalt
Chemical Company. For the latter approach the use of a fluorinated elasiomer
was investigated. The formulation included glass microballoons to provide low
density and repairability, and asbestos fiber to provide strength and a path for
solvent release, and to reduce shrinkage. Several combinations were investigated
to balance strength and shrinkage, and to eliminate voids in the cured material.
This required the right balance of glass microballoons and asbestos fiber, as
well as solvent system and resin.

Because both the completely inorganic potting compound, and that based on a
fluoroelastomer were porous after cure, it was necessary that they be sealed.
Taking advantage of what was learned in developing the potting compound, a
sealer coat was prepared based on a solvent solution of a fluoroelastomer to-
gether with an alumina filler. Several coats were required with a primer applied
before each coat.

The conformal coating was a highly filled brominated polyester containing no
solvent or unreactive material. In order to avoid possible porosity, it was de-
cided to avoid a solvent system. An epoxy system with a low enough viscosity to
permit 75%to 80% filler is well knowrn. But the highly brominated fire retardant
systems are much too high in viscosity. Some are solids.
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SECTION Iii

CONCLUSIONS

No completely satisfactory potting compound that passed all requirements
of the contract was developed during this work.

The conformal coating developed in this work is considered acceptable in
most respects, but does not meet all the requirements as set forth in the
contract. '

With the organic binders that are readily available, and that can be formulated
to yield non-flammable compositions, most are solids or very viscous

liquids. In order to incorporate high percentages of inorganic fillers, it is
necessary to apply the binders as solutions. After curing a porous encapsu-
lant results, which requires a sealer coat to keep out moisture. .

Although polytetra fluoroethylene will burn in oxygen, as will fluorinated
elastomers, the flammability of the latier can be dramatically reduced
by use of a high content of inorganic filler.

A highly filled brominated epoxy burns vigorously under the same condi-
tions that fluorinated elastomers do not burn.

A completely inorganic encapsulant which relies on the gelling of a silica
sol to bond the inorganic particles together results in a porous structure
being formed, since water must be eliminated.

The totally inorganic composition, QC-15, has poorer electrical properties
then the system consisting of inorganic solids bonded together with fluoro-
elastomer~~ formulation 1015. All electrical tests except for dielectric constant,
power factor and dielectric strength were carried out on samples that had
three sealer coats.

The physical characteristics of the potting compounds and conformal coating
are generally as required by the work statement of the contract.

Of the two potting compounds, the 1015 formulation is superior to the
totally inorganic QC-15 formulation.

Many of the electrical failures are due to moisture passing through the
sealer coat.

Both pofting compounds failed in properties which one might expect to be
affected by the porosity and/or low density of the compounds. These
properties included moisture resistance, dielectric strength, and tensile

properties. 5 ‘




SECTION 1V

RECOMMENDA TIONS

It is recommended that any further work on the development
of potting compounds that are largely inorganic be concentrated
on the use of fluoroelastomers as the binder.

It is further recommended that the substitution of a reinforc-
ing filler for some of the glass microballoons be made to im~
prove the deficient mechanical properties.

It is also recommended that further work on the fluoroelastomer
based potting compounds explore ways of improving moisture
resistance of the sealer coat.

It is recommended that no further consideration be given to
the completely inorganic system based on the technology used
in this work.




SECTION V

EXPERIMENTAL RESULTS

MATERIALS FORMULATION

1. Survey of Materials

In order to achieve non-flammability in oxygen of the potting com-
pound, materials can be used that do not burn in oxygen. Inorganic
oxides, silicates, glasses and most minerals, for example, fall into
this category. The technology used in certain of the Eccoceram prod-
ucts offered by Emerson & Cuming, Inc. provides a means of curing
inorganic materials to rigid solids. This technology is described in
. U.S. Patent 2, 914, 413,‘ Nov. 24,1959, assigned to Pennsalt Chemicals
Corp. and available under license. (Ref. 1). In essence a small amount
of powdered sodium silicate is mixed with a finely divided inert mate-~
rial. A silica sol, such as DuPont's Ludox, is mixed in to give a mass
of paste-like consistency. This can be poured or formed, depending on
the amount of Ludox used, and allowed to stand at room temperature to
set. In the presence of the small amount of sodium silicate, the Ludox
gels and thereby binds the mass together somewhat like the setting of
cement. After this occurs, heat can be applied to remove water. '

Since the products of this technology would probably not meet some
of the requirements for the potting compound, the use of certain organ-
ic binders was indicated. Most polymers that might serve as binders,
however, are flammable in air, as well as oxygen.

Ideally a potting compound is made from a low viscosity material
that can be polymerized by an addition reaction to a thermoset mate-
rial. Epoxies, polyesters, urethanes, and some silicones are among
the classes that could be used. Of the epoxies, polyesters, urethanes,
ana silicones, many have fire retardant properties, usually produced
by the addition of a halogen, preferably bromine, to the molecule. Such
materials will burn when exposed to a flame in air, but will not of them-
selves support combustion in air for more than a few seconds. Probably
all would burn vigorously in oxygen.

Resides the non-flammable characteristic, a maximum allowable

cure temperature of 150°F is required for protection of encapsulated
components. (See Paragraph B. 1 3. 3.4 of this report. ) This require-
ment eliminated some possible candidates.




One consideration in selecting materials was that they be readily
available at reasonable cost. Carboxy nitroso rubber was developed by
Thiokol Chemicals Corporation {(Ref. 2, & Ref. 3), and is offered in both
liguid and solid forms. The liquid CNR cured with dicyclopentadiene di-
oxide curing agent is suggested as a potting compound. Cost of the liquid
is $1, 025. per pound.

Work was done for the Air Force by Hooker Chemical Company on a
non-flammable perfluoroalkylene triazine. (Ref. 4). The cured material
is said not to burn even in 30 psi oxygen. Cure is effected with a tetra-
phenyl tin catalyst, but cure temperatures substantially above 150°F are
required.

Celanese Chemical Company has done some work on a polybenzimidazol
polymer that does not burn in 6 psi oxygen. Their work was concerned
with the production of a fiber. After spinning the fiber it must be cured in
the 500°F - 600°F range. A telephone discussion with a member of the
Celanese techrical staff working on the project failed to reveal any way of
making a potting compound from this material that could be cured at 150°F.

Skybond 700 produced by Monsanto Company (Ref. 6) is a polyimide.
it is useful for coating, but also requires a high temperature cure.

Owens - Illinois Glass Company offers a product called Glass Resin
which is alleged to be non-flammable in oxygen. A coating of Glass Resin
with an asbestos filler on a 1015 substrate was ignited with a Teflon coated
wire in 16. 5 psia oxygen, and burned with a bright flame.

Horizons, Inc. developed a material derived from phosphonitrilic
chloride that does not burn in oxygen. {(Ref. 5). Coatings based on this
polymer might be useful, but none was available with which to experiment
in the time available. Work on similar polymers was sponsored by the
U.S. Air Force at W. R. Grace in 1963 and 1964 (Ref. 6).

A series of fluoroelastomers offered by E. I. Dupont de Nemours
under the name Viton and by the 3 M Company under the name Fluorel
offered some advantages. A variety of polymers essentially identical
chemically, but of different molecular weights, are available commer-
cially in the $10 - $15 per pound range. They can be cured at 150°F with
aliphatic polyamines such as diethylene triamine (DETA).




The Shell Chemical Company offers a material, tradenamed Eposand,
which is based on an epoxy resin. The exact composition is propriefary,
but the basic idea appeared to offer possibilities for making a non-flam-
mable pottiag compound. Two solvent solutions are supplied and prior to
use are mixed ina l: ] ratic. A filler may be mixed in at this point in an
amount sufficiert o give a material with a putty-like consistency. One
solution corntains an epoxy resin, and the other an amine hardener. The
golvent mixiure used is such that as the hardener and epoxy resin react,
the product becomes inscluble in the solvent mix anrd plates out on the
filler. As further cure takes place, the filler particles are bonded to-
gether in spite of the fact that solvent is preseni. The solid composite so
formed can be heated or vacuum treated to remove solvent. A system such
as this, coniains a very high proportion of inorgaric filler, and can be
cured at room temperature. It appeared that this approach could be applied
to a brominated epoxy and resulf in a non-flammable composite.

With the materials available from which to make a potting and encapsu-~
lating compound that would not burn in oxygen, it appeared that a solvent
or volatile carrier would have to be used. Although potting compounds
ideally contain no volatile maierials, there seemed tc be no other way. The
inclusion of a volatile material in the potting compound meant that after
removal of this constituent, the potting compound would be porous. In order
to protect the encapsulated part from the intrusion of moisfure, a sealer
coat was required for the potting compound and this, too, had to be non-
flammable in oxygen.

Two other requirements of the contract - namely, a maximum specific
gravity of 1.1, and the ability to dig out the potting compound for repair
work - strongly indicated the desirability of using Eccospheres - glass
miczroballoons - as a filler.

2.  Formvulation of Potting Compounds

a. Eposand

Eposand solutions were obtained from Shell as a two part system.
Equal parts of each were mixed, and 325 meshsilica added in the following
proportiors: . '
20 grams Part A Eposand
20 grams Part B Eposand
120 grams 325 mesh silica

This mix was allowed to stand overxnight to set to a rigid composite. The
solvent was then removed by heating in air at 150°F, and finally in vacuum
at 150°F.

A preliminary check of flammability was carried out in air with a
gas-oxygen flame. The sample burned and did nof extinguish on removal
of the flame.




The Shell Chemical Company was approached and agreed to prepare
an Eposand system based on a brominated epoxy. In the interim, before
this material arrived, efforis were made without success at Emerson &
Cuming, Inc. to prepare a system of this type using an epoxy resin based
on tetrabrom bisphkenocl A. The brominated epoxy from the Shell Chemical
Company contained 15% bromine. The Eposand casting prepared as shown
above also burned in air when exposed to a gas-oxygen flame. A sample
was cast in an aluminum dish with a piece of etched 20 gage Teflon coated
copper wire embedded in it. Affer curing and evaporating all solvert, this
was tested in a 16.5 psi oxygen atmosphere. It burst into flame whe=n the
Teflon coated wire was electrically overloaded. Further work with this
formulation was therefore discontinued.

b. Fluoroelastomers

Of the commmercially available polymers that have essentially no
hydrogern, the fluoroelastomers ~ Fluorel from 3 M Company and Viton
from E. I. Dupont de Nemours & Co.,Inc., offer certain advantages. Un-
like Teflon they are easily soluble in ketones and esters and can be cross-
linked at a relatively low temperature with polyamines.

it was necessary to make the poiting compound somewhat thixotropic
to prevent separation of the fillers from the liquid during potting. The
use of vibration to pack the material in place was found to be very help-
ful. Since, after curing the material would be porous, it was decided to
use asbestos fibers not only to produce a thixotropic mix, and keep the
fillers evenly dispersed but also to add sirength to the cured piece and aid
in solvent removal.

One of the major problams encountered in the development of the
formulation was the formation of voids or bubbles within the casting
during cure. Several factors were found to contribute to this problem.

A comparison was made between Fluorel No. 2141 and Viton A as the
binder in the formulation. The bubble formation was about the same with
each resin, but shrinkage was less with Fluorel than with the same formu-
lation of Vitcn A. On this basis Fluorel was selected for further experi-
mentation. '

For the removal of solvent from a casting, it was felt that acetone
wonld be the best choice, since it is a ketone with the lowest boiling
point. However, it proved to be so volatile, that a skin formed rapidly
on the surface of a casting preventing air bubbles from escaping at the
surface. A mixture of methyl ethyl ketone (MEK) and methyl isobutyl
ketone (MIBK) was selected. The MIBK was found to retard evaporaticn
so that air bubbles could rise more readily to the top of the casting and
escape.




TABLE 1
EXPERIMENTAL POTTING COMPOUND FORMULATIONS

Parts by Weight
Formulation No.

207 1015 0021 1512
20% Fluorel 2141 in MEK 48 © 48 48 48
20% Fluorel 2141 in MiBK 12 12 12 12
25% DETA in MEK 2.5 2.5 2.5 2.5
Asbestos{Powminco Grade
25 PM) 20 10 0 15
Eccospheres R 7 15 21 12
Oncor 23 A 5 5 5 5
MgO 2 2 2 2

In pouring these formulations into a cavity, it is advantageous to vibrate
the potting compound into it. Tapping the container on a bench top, or
the use of a Syntron Vibrator attached to a wooden platform are effective.
Obviously the latter is preferred. The vibration assists in keepfmg the
potting compound fluid enough so that air bubbles that are trapped in the
material during pouring can rise to the surface. -

The ease of elimination of bubbles depends on the amount of asbes-
tos fiber present. Formula 207 had large bubbles that were not elimi-
nated under vibration, due to the relatively high percentage of asbestos
fiber. Formula 002] with no asbestos fiber had virtually no bubbles, but
was so weak as to be useless. Formula 1015 was selected as the best
compromise.

Viton C-10, another of the group of fluoroelastomers from E. I.Du-
pont de Nemours, Inc., was evaluated in place of the Fluorel 2141 in
the 1015 Formulation, and found to be superior with respect to the ease
with which bubbles were eliminated. Its shrinkage was a little greater
than Fluorel in the 1015 Formulation, but not as great as Viton A. The
final formulation was therefore made with Viton C-10 in place of Fluorel
2141 as shown in the following table.

TABLE 2
FINAL FORMULATION, 1015A OF POTTING
COMPOUND BASED ON A FLUOROELASTOMER

20% Viton C=10 in MEK 48
20% Viton C-10 in MIBK 12
25% DETA in MEK 2.5
Asbestos fibers 10
(Powminco Grade 25 PM)
Eccospheres R 15
Oncor 23A 5
Mg O 2




Procedure for Preparation of Formulation 1015 ~- Materials Used

A 20% solution of Viton G=10 in methyl ethyl ketone or methyl isobutyl
ketone can be made uap by allowing 20 parts of Viton C-10 to stand in a
bottle with 80 parts of MEK, while occasionally shaking the bottle. The
use of a Waring blender will accomplish the same result faster.

Powminco Asbestos Grade 25PM from Powhatan Mining Co.
Maglite Y Magnesium Oxide from Merck & Company

Oncor 23 a Antimony Oxide from National Lead Company
Eccospheres R - glass microballoons

To make 100 parts by weight of potting compound 1015, the following
.procedure is recommended.

Mix 52 parts of the 20% MEK solution of Viton C-10 with 12 parts of
the 20% MIBK solution of Viton C~-10. Using a power stirrer, add ll parts
of the asbestos fiber, 5.5 parts of Oncor 23 A and 2. 2 parts of Maglite Y.
Stir until the solids are thoroughly wet out. When the asbestos and magne-~
sium oxide are added to the liquid part of the system, the surface of the
solid does not become wet instantaneously with the liquid. Stirring of the
mix for a short period of time (one minute for 200 g of mix) insures that
the solids become thoroughly wet. Then add 16. 5 parts of Eccospheres R,
and stir at a slow speed until a smooth mix is obtained.

The Eccospheres can be increased or decreased plus or minus 20%
to adjust the viscosity of the mix to any desired level. High shear mix-
irg at this stage should be avoided. Otherwise, some Eccospheres may
be broken.

Prior to use, mix in 2.7 parts of a 25% solution of DETA in MEK to
100 parts of the 1015 formulatior.

c. Ceramic Potting Compound

Emerson & Cuming, Inc. has offered totally inorganic composi-
tions for potting for several years now. Eccoceram QC is based on a
technology disclosed in U. S. Patent 2, 914, 413 ass1gned to Pennsalt
Chemicals Corporation.

Using this technology, a composition was made up of Eccospheres
R, 325 mesh silica and sodium silicate powder SS-65 from Pennsalt
Chemical Co«-After mixing together crudely, the powder was passed
through a 20 mesh screen. Any lumps of powder were broken up with a
“brush till they passed through the screen. Asbestos fibers were then
added, and the mixture blended thoroughly. The powder was mixed with
Ludox, a 30% solids silica aquasol produced by E. I. Dupont de Nemours,
Inc., and then cast into a mold. The mold is preferably enclosed, for
example, in a polyethylene bag to prevent water evaporation from the
surface. Within 24 hours the entire masssetsto a rigid solid. The mold
was removed from the polyethylene bag and the water allowed to evaporate.

10




The use of Eccospheres was dictated by the requirement that the
encapsulation should be repairable. In a comparison of Eccospheres R
and Eccospheres SI, the former were found to give a stronger piece.

Originally no asbestos fiber was used, but the need for improved
strength dictated its use. Again a compromise on the amount of asbestos
was necessary. Large amounts of asbestos gave good strength, but pre-
vented bubble release.

TABLE 3
QC - 15 FORMULATION
Parts by weight

Asbestos Fiber 10
Eccospheres R 20
Silica (-325 mesh) 30
Sodium Silicate SS-65

Powder 4
Ludox AS 60 - 100

The amount of LLudox AS depends on how pourable the mix must be.

Procedure for the Preparation of Formulation QC - 15 -- Materials Used

Powminco Asbestos Fiber Grade 25 PM from Powhatar Mining Co.

Eccospheres R from Emerson & Cuming, Inc.

Silica(~325 mesh) from Whittaker, Clark and Daniels, Inc.
Sodium Silicate Powder SS-65 from Pennsalt Chemical Co.
Ludox AS{silica aquasol) from E.I. Dupont de Nemours

Twenty parts of Eccospheres R, 30 parts of silica(-325 mesh) and
4 parts of ground sodium silicate SS-65 are mixed together. The mixture
is then passed through a 20 mesh screen to make sure that no lumps of
sodium silicate or Eccospheres are present. Add to the screened mix, 10
parts by weight of asbestos fiber. This is then thoroughly blended to a
homogeneous mix.

When ready for use, add Ludox to the desired consistency. If the
mix is too pasty, some difficulty will be experienced in elimination of air

bubbles.

a. Sealer Coat FTA-3

Since both the 1015 and QC-15 potting compound formulations resulted
in porous castings after curing, due to the use of a volatile liquid, a
sealer coat was required. The coating was to be on the surface of the
casting, and was tc exclude moisture from the casting. Because Fluorel
2141 forms a higher viscosity solution in ketones than does Viton A or
C-10 at the same solids level, it was selected. In addition, work perform-
ed earlier had demonstrated that the fluoroelastomers could be formulated
not to burn with a flame in oxygen.

11




A 20% Fluorel solufion in methyl ethyl ketone was made up, and to
this was added magnesium oxide and tabular alumina, in the amounts
shown below:

TABLE 4
FORMULATION OF SEALER COAT FTA-3

Ingredient Parts by weight
20% solution of Fluorel 2141 in MEK 200
MgO Maglite Y from Merck and Co. 7
Tabular alumina({-325 mesh}from Alcoa Co. 140

These materials are ball milled together for 1 - 2 hours. The mix
is then ready for packaging. Prior to use, 2.5 parts of a 25% solution of
diethylene friamine in MEK are added to 100 parts of the coating material.

After cure, the coating consists of 22% cross-linked fluoroelastomer
and 78% inorganic solids.

In the development of the coatings, samples were made in which the
amount of tabular alumina was varied. Cakes of the 1015 formulation with
the Teflon coated wire embedded in them were coated and tested in the
oxygen atmosphere. In this series, the inorganic solids were 88%, 84%,
78% and 74% of the total. The first three of these did not ignite in the
oxygen atmosphere, while the one with 74% inorganic solids did burn.
Since the 78% sample had the lowest viscosity of those that did not ignite,
it was selected.

Prior to application of the sealer coat over the 1015 or QC-15 formu-
lations, or over itself, a primer coat of Chemlok 607 {produced by
Hughson Chemical Co.) was applied.

Studies were carried out using the insulation resistance tests to
determine the number of coatings that should be applied. A predetermined
number of coatings was applied to the potting compound in an insulation
resistance box. After cure the insulation resistance was measured. The
sample was then placed in a 95% RH chamber for 48 hours, after which
the insulation resistance was measured. It was determined that to get a
satisfactory result at least three coatings had to be applied. Three coats
were later applied to the test samples for many of the electrical measure-
ments, as noted in the text.

Because the potting compounds are porous, the sealer coat is necessary.
The sealer coat itself, however, contains a solvent, which can penetrate
into the potting compound. In the course of removing these solvents, paths
may be created through which moisture can penetrate This may partially
explain some of the unsatisfactory results that were obtained later when the
moisture resistance tests were run with temperature and humidity cycling.

12




b. Conformal Coating - MRTA-5

It was felt that the conforinal coatfing should not be a solvent
solution, because of the possibility of porosity. A low viscosity 100%
reactive system that had fire retardant properties was found in a product
from the Marco Division of W. R. Grace Company, namely a brominated
polyester MR~-670. The company would not disclose the percent bromine.
This system will cure at room temperature when catalyzed with MEK
peroxide and a cobalt naphthenate accelerator.

Profitting by the experience on the sealer coat, tabular alumina was
used as the filler. The viscosity of the polyester is 770 centipoise at room
temperature, so that a very high loading of filler can be added while still
maintairing flowability. A series of experiments were run, which demon-
strated that at a filler loading of about 77% or above, the coating would
not burn in an oxygen atmosphere. Tests were made on discs measuring
6 ¢m in diameter by one c¢m thick with a Teflon coated 20 gage wire -em-~
bedded in it as an ignition source. Ignition of the wire was made with the
Teflon coated wires under the sample.

The conformal Coating is made up as follows:

100 parts of MR-670
340 parts of -325 mesh tabular alumina (Alcoa)
0.1 parts of cobalt naphthenate 6%

To 100 parts MR-670, add 340 parts of -325 mesh tabular alumina
and 0.1 part of cobalt naphtherate, and mix on a Hobart or similar mixer
for 10 minutes. Prior to use, 1 gram of MEK peroxide is mixed in to give
a uniform blend. This will have a usable pot life of about one hour.

13




B.

TESTING

On the following pages are presented the results of the tests and
observations run on the potting compounds and the conformal
coating. To preclude the necessity of referring back and forth to the
work statement in Appendix 1. We have listedthe test name, test
number and the specified performance requirement. If the reader
wishes more detail on the test, he will find it in Appendix 1.

NOTE: The paragraph numbers correspond to those used in the
work statement.

1.

Potting Compounds - Physical Characteristics

3.3.1 Appearance

The as-poured and cured compounds shall be homogen-
eous and free from lumps and coarse particles and
voids.

The materials as received from the vendor may have some
tendency for the filler to settle. Before use, the container con-
tents should be stirred to disperse the filler homogeneously
throughout the mix. There are no coarse gritty particles. In
some formulations there are asbestos fibers, which could be re-
garded as coarse. These, however, are intended to be in the
formulation.

3.3.2 Application
Potting and encapsulating compounds shall be capable
of being readily applied by an injection or extrusion

gun.

Formulations 1015 and QC-15 are both capable of application
through a hypodermic syringe, or caulking gun.

The sealer coat can be applied by brush or dip. It cannot be
applied by spray.

3.3.3  Application Life

The compound shall be suitable for application for a
minimum of 60 minutes.

Formulation 1015 has an application life of several hours, if
kept covered. Formulation QC-15 has an application life of at
least one hour.

The séaler coat has an application life of several hours, if
kept covered.

13 a




3.3. 4 Curing Time

The cure time to obtain optimum properties shall not
exceed 7 days at room temperature and 50% humidity.
Elevated temperatures up to 150°F may be used to
accelerate the cure time.

The curing time for both encapsulants and the sealer coat are
well within the seven days. Temperatures up to 150°F are bene-

ficial not only for speeding this up, but also for removing solvent.

3. 3.5 . Storage Life

-The uncured compounds shall be capable of meeting
the requirements of this statement of work for 6 months
when stored below 70°F.

All materials prepared and submitted under this contract have
storage lives of at least six months when stored at 70°F or below
in unopened containers. The precaution mentioned earlier of
mixing the contents of the container to a uniform consistency be-
fore catalyzing must be observed.

3.3.6 Repair and Rework

The cured compounds must be capable of being removed
either mechanically or chemically, without damaging
wiring, solder joints, or electronic components.

The potting compounds, 1015 and QC-15, were formulated to be
mechanically removed. Even with several sealer coats they can
be cut off, or dug out from a casting.

In applﬁng a patch to the 1015, a primer coat of Chemlok 607 is
necessary. The QC-15 should be painted with Ludox AS immedi-
ately prior to applying a patch.

Potting Compounds - Performance Characteristics

3.3.7 Temperature Rating

The compounds shall retain useful physical and electri-
cal properties from 0°F to +250°F, as verified by the
insulation resistance.

Insulation resistance shall be measured at 0°F and 250°F.
NOTE: Paragraph 4.4. 3.5 of Appendix C calls for

insulation resistance at room temperature and
100°C.
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Insulation resistance tests were run at room temperature,
then 0°F, then 250°F and finally on these same samples at
room temperature again. The 1015 and QC-15 formulations
were given three sealer coats before running these tests.

The three samples of 1015 gave the following insulation
resistance readings:

TABLE 5

Insulation Resistance on Three Samples of 1015 Potting Compound

Sample

Test Spec. Insulation Resistance, ohms
No. Temp. Minimum-ohms No. 1 No. 2 No. 3
1 72°F  1xiott 3. 0100 4. 6x108 6. ox10"
2 72°F  1xioMt 2. 0x101% 2. 0x10 2. 5x102
3 72°F  1xlolt 0.9x10%% 1.0x10Y% 0. 6x10'?
Average 1. 06x1012 1.15x101% 1. 23x101%
1 0°F  none given 1.5x107 1. 3x107 2. 0x10°
2 0°F  none given 1.5x1010  4.0x10?7 0. 7x1010
3 0°F  none given 2.0x1010  2.0x1010 1. 0x10!°
Average 1. 22x1010 0.82x10'% 0. 63x1010
1 250°F 7. 5x108% 2.5x10° 4. 0x10° 4. 0x10°
2 250°F 7. 5x108 7.0x10%  6.0x10% 8. 0x10
3 250°F  7.5x108 7.0x107  8.0x107 5. 0x10"
Average 2.58x108 2. 28x108 2. 85x10°
1 72°F  1xlol! 4.0x1011  5.0x101 4. 0x10
2 72°F  1xloll 1.4x10%2  o0.7x10'% 1. 3x102
3 72°F  1xloll 1.1x10'2  1.0x10*2 0. 7x10'?
Average 0.97x10Y% 0.73x1012 0. 80x10%%

* Specification minimum is 7. 5x108 ohms at 200°F.

The second 72°F measurements are essentially the same as
those obtained before exposure to 0°F and 250°F.

The three samples of QC-15 gave the following insulation

resistance values with measurements at each temperature
in the order shown.
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TABLE

6

Insulation Resistance of Three Samples of QC-15 Potting Compound

Sample
No.

1

2

3
Average

Test Spec. Insulation Resistance
Temp. Minimum-ohms No. 1 No. 2 No. 3
72°F  1x1ot! 2.0x10%% 1.3%x10'% 5. 0x10'°
72°F | 4.0x10%0 1.2x1019 4. 0x10!0
T2°F 2. 2x1010 2.3x101! 4. 0x10%0
2.7x1010 1.2x10'! 4. 7x10'°
. : 7 8 7
250°F none given 5. 0x10 1.3x10 2.0x10
250°F  none given 10.0x107  0.9x108 2. 0x10®
250°F  none given 3.0x10¢  3.5x10%  6.0x107
6.0x107 1.9x10°  0.9x10
0°F  17.5x108 4.0x10% 1.5x10°%  0.5x10%°
0°F  7.5x108 4.0x102 0.7x10%% 0. 6x10°2
0°F  7.5x108 1. 2x10%2 0.9x10}2  0.4x10%2
3.1x10'2 1.0x1012 0. 5x10%?
72°F  1xloll 4. 0x10'} 0.8x10i§ 0.95x10i}
72°F  1x1ol! 1. 5x10'} 5.0x10,, 0. 7x10],
72°F  1xloll 0.7x10 ! 10. 0x10'} ‘Z.Ox101i
2.1x101 1 5. 3%10'Y 1. 2x10t?

Hardness Rating

No stated limits.

The hardness of the 1015 formulation with three sealer
coats is 30 to 35 Shore-D. The hardness of the QC-15
formulation with three sealer coats is 65 Shore D.

3.4.1

Flammability

Candidate potting materials and encapsulating

compounds shall be self-extinguishing immediately
after wire fusion, with no further evidence of
degradation by combustion in a 6. 2 psia oxygen or

16. 5 psia oxygen when subjected to Test No. 5,
SN-P-0003 of Appendix A in work statement. See

Appendix 1.
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Three Bendix pygmy plugs were potted with the 1015 formulation, and
each given three sealer coats. These were tested for flammmability in
16. 5 psia oxygen according to Test No.5, SN-P-0003, Appendix A.
The wire ignited in each case and burned down fo the coating on the
plug, and then went out. No further burning or glowing occurred.

The same formulation with no ceoating will burn with a glow, although
there is no flame.

Similarly, three Bendix plugs were potted with the QC-15 formulation,
and then given three sealer coats. When tésted for flammability in

16. 5 psia, the Teflon coated wire ignited, and burned down to the
coating, and then went out. No further burning or glowing occurred.

3.4.2 Outgassing

As a screening test, the total organics expressed as pentane
equivalents evolved from any of the candidate potting, coating
or encapsulating materials shall not exceed 100 micrograms per
gram of sample, when tested at 5.0 psia oxygen and 200°F in
accordance with Test No. 7, Appendix A. Outgassed carbon
monoxide shall not exceed 25 micrograms per gram when tested k
in accordance with the same test. Quantification of outgassed
products and accurate weight loss data in 5 psia oxygen are
required prior to final MSC acceptance of candidate materials.
MSC acceptance shall be predicated upon the requirements that
none of the outgassed products shall constitute a toxic hazard to
the crew (from Exhibit A, Page 4 of Work Statement).

The specification limits for total organics expressed as pentane
equivalents is 100 micrograms per gram of test sample.

Carbon monoxide shall not exceed 25 micrograms per gram of
sample..

The outgassing was run at White Sands on Formulation 1015 with three
sealer coats, and Formulation QC=-15 with 3 sealer coats. The
following results were obtained.

The total organics and carbon monoxide for Formulation 1015 was

10 micrograms per gram, which is well within the specification limits.
An infrared scan of the gases showed ethylene and TF Freon. The only
sources of organic material in the 1015 formulation is the Viton C-10,
methyl ethyl ketone and methyl iscbutyl ketone used as solvents. One
might speculate on the origin of the ethylene, but it is certainly not
formed by any very straightforward mechanism. The presence of TF
Freon is even more difficult to explain, since TF Freon contains
chlorine. The carbon monoxide was 5.4 micrograms per gram also
well within the specification limits.
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The QC-15 sample coated with the same sealer coating as used
on ‘the 1015 samples show 81 micrograms per gram of total
organics, and 1. 6 micrograms per gram of carbon monoxide.

An infrared scan detected methanol, ethylene and methyl ethyl
ketone. The ketone is one of the solvents used in the sealer

coat, but there is no straightforward explanation for the presence
of either:- methanol or ethylene.

3.4. 3 Odor

The average odor rating of all candidate materials must
not exceed 2.0, when tested at 5.0 psia oxygen and 200°F
in accordance with Test No. 6, Appendix A (from Exhibit
A, Page 5 of Work Statement).

The same samples used in the preceding test for outgassing were
tested at White Sands with the following results.

With no dilution the 1015 sample was rated 1.7, which is within the
specification.

The QC-15 sample was not tested for odor because the total organics
over the sample was 2,152 ppm. Since the QC-15 without the sealer
coat is completely inorganic, it is concluded that all of the organics
come from the sealer coat. Why this high concentration of organic
vapors was found with the QC-15, but not with the 1015 sample is

not explained. Both samples have the same sealer coat.

3.4.4 Vacuum Volatility

The rate of weight loss in 1 x 10™% torr at 250°F shall
stabilize within 6 hours, and the continuing rate of weight
loss shall not exceed 0. 02 percent per hour when measured
continuously in vacuum with an in-situ microbalance. The
rate of weight loss shall continue to decrease with time.

‘There shall be no visible condensate deposited on a glass

slide maintained at least 100°F below the test temperature
and located in close proximity to the test specimen within
the vacuum chamber. The total weight loss for the initial

24 hour period shall not exceed 1. 0 percent.

An additional vacuum volatility test specimen shall be
prepared per MSFC-SPEC-202A, Paragraph 4.4.3.11
(see Appendix C) for potting compounds. Upon completion
of 24 hour vacuum testing, there shall be no apparent
visual degradation, and the compounds shall withstand
the required 200 megohm moisture resistance tests of
Paragraph 3.4.7, Appendix C, for potting compounds
(from Exhibit A, Page 5 of the Work Statement. )
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Tests were run at NASA Manned Spacecraft Center In Houston,
except that the insulation resistance samples were returned to
Emerson & Cuming, Inc. for the moisture resistance test.
These samples were subjected to the moisture resistance test
of Paragraph 3.4.7 at Associated Testing Laboratories, Inc.
Insulation resistance was measured at Emerson & Cuming, Inc.
and at Associated Testing Laboratories, Inc. before exposure
to the moisture resistance test. After exposure, insulation
resistance was measured at Associated Testing Laboratories,
Inc. Each sample had three sealer coats on the top surface.

Insulation resistance tests run at 75°F at Emerson & Cuming,
Inc. after exposure to vacuum of 10"4 at 250°F, and before
exposure to the moisture resistance test, and at Associated
Testing Laboratories, Inc. before and after exposure to high
humidity are shown in Table 7. The same samples were also
run at 212°F at Associated Testing Laboratories, Inc. prior to
exposure to moisture resistance tests. The results of these
tests are shown in Table 7.

The wejght loss of the 1015 potting compound formulation at

1 x107" torr and 250°F was 0. 59% in six hours. The weight
loss during the seventh hour was .015% and less per hour there-
after. This is within the specification limit of . 02%.

The weight loss of the QC-15 potting compound under the same
test conditions was 0.426% in the first six hours. The weight
loss during the seventh hour was .027%. Not until the ninth
hour did the rate of weight loss go below 0. 02%.

No condensation from the above materials was apparent on the
glass slide installed in the system.

Copies of the weight loss tables and graphs from the NASA
White Sands Test Facility are shown in Appendix 2.
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Insulation Resistance of Sample exposed to 10—4“ torr.

Material

Beforex

QC-15

Average

Average

Average

1015

Average

Average

Average

6. 5x108
1. 8x108
1. 43107
7.4x10°

1. 5x10°
3. 1x10°
1.1x107
5. 03108
3. 8x10°
3. 7x10°
4. 6x10°
4. 0x10°

5. 0x10M
3. oxlo!
3, 0x101
3, 7x10M

TABLE 7

Aftersk

AN AN

e e e

£ 1.

{1.
£1.

g1 w 01

N W

. 0x10
. 0x10
. 0x10
. 0x10

ooy O

0x10
. 0x10
0x10
0x10

oo OO

. 8x10
. 2x10
. 6x10
. 5x10

oo~ O

. 6x10
. 3x10
. 1x10
. 2x10

o~ o0 O

Test Temp.

24°C
24°C
24°C

24°C
24°C
24°C

100°C
100°C
100°C

24°C
24°G
24°C

100°C
100°C
100°C

Test Station

Emerson & Cuming
i i

Associated Testing Lab.
1 1 tt

1 1 1"

Associated Testing Lab

1 1 T

1 T R

Emerson & Cuming
1A 13

1 131

Associated Testing Lab

1t - 1 1t

* Insulation resistance in ohms before and after exposure to high humidity.

Both materials failed the vacuum volatility test, because both materials
failed to pass the moisture resistance portion of the test.

3.4.7

Moisture Resistance

The insulation resistance of specimens prepared as
specified in 4. 3. 3. 5 shall be 200 megohms or 2 x 10
ohms minimum when tested as specified in 4.4. 3. 11
(from Appendix C, Page 5 of Work Statement).

These tests were carried out by Associated Testing Laboratories,
Inc. Three samples of Formulation 1015 each with three sealer
coats, and three samples of QC-15 formulation each with three
sealer coats were tested. Test results are shown in Table VI.
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TABLE 8

Insulation resistance in ohms of 1015 and QC-15 after 5 temperature and

humidity cycles.

Material

Sample No.

1015 1
2
3

Average

QC-15 4
5
6

-Average

Position A Position B

6. 6;:102 1. 6x102

7. 0x10 8. OX108

2. 9x108 2. 4x10,

3, 5x108 4. 0x10

2. SXIO5 1. SXIOg
No readir)ng 5. OXIO5

1. 8x105 7. 4x105

2. 1x10 4.7x10

1. 710
8. 5x10
1. 2x10

. 3.3x10

1. 7x10
1. 7x10
3. 0x10
2. 1x10

The 1015 samples are on the average just acceptable. The QC-15 samples
fail to pass the minimum specification in all cases.

4.4.3.1

Dielectric Constant and Power Factor

Specification Limits: K!'

5.0 pf 0.09.

The dielectric

Position C

7

o o

g OTor \»n

constant and power factor of Formulation 1015 were determined

at 1 MHz.

TABLE 9

Dielectric Constant and Power Factor of Potting Compounds

Material

1015

QC-15
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Sample No. K!' pf
A 1.50 0.022
B 1.40 0.020
C 1.38 0.017
A 1.99 0. 051
B 1.92 0.048
C 2.01 0. 050




The values for both dielectric constant and power factor are
well within the specification limits. If it appears desirable in
order to enhance some other property, the density of each of
these materials can be significantly increased without exceed-
ing the specification limits for dielectric constant and power
factor.

4.4.3.2 Dielectric Strength

Specification Limit: 500 volts /mil of thickness
minimum.

Five discs each of Formulations 1015 and QC-15 were pre-
pared for the determination of dielectric strength at environ-

mental Testing Corporation.

All samples were 50 mils thick. The following values were
obtained for breakdown voltage in volts /mil.

TABLE 11

Dielectric Strength of Potting Compounds.

1015 QC-15
Sample No. 1 160 v/mil Sample No. 1 20
Sample No. 2 120 Sample No. 2 20
Sample No. 3 100 Sample No. 3 20
Sample No. 4 100 Sample No. 4 20
Sample No. 5 100 Sample No. 5 20

No samples reached the required level of dielectric strength.

4.4.3.3 Volume and Surface Resistivity

1 x lO12 ohms-cm

Specification Limits: pv

P.

The volume and surface resistivities of Formulation 1015 and
QC-15 were determined. The 1015 and QC-15 had three sealer
coats, since in use they will have the sealer coat.

1 x 1012 ohms-cm

it
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TABLE 12
Volume and Surface Resistivities of Potting Compounds.

Formulation 1015

[Q v /O S

12 12
Sample No. 1 1.79 x 10° " ohm=-cm 3.81 x 1’011 ohm=-cm
Sample No. 2 4.78 x 10. 7 ohm-cm 3.85 x 1011 ohm-cm
Sample No. 3 1. 64 x 10'% ohm-cm 3.89 x 10"~ ohm-cm

Formulation QC-15

Py L.

~T0 10
Sample No. 1 8.67 x 10_ " ohm-cm . 8.92x 10, ~ ohm-cm
Sample No. 2 9.51 x 1010 ohm-~cmm 8.11 x 10, = ohm-cm
Sample No. 3 8.78 x 1010 ohm-cm 1.45 x 107" ohm-cm

Formulation 1015 meets the requirements set for volume and surface resistivities.
Formulation QC-15 fails in both properties.

4.4.3.4 Arc Resistance

Specification Limit: 45 seconds minimum.

Arc resistance of 1015 and QC-15 each with three sealer coats was measured at
Electrical Testing Liaboratories in New York City.

The following results were obtained with Formulations 1015 and QC-15.

TABLE 13

Are Resistance of Potting Compounds.

- 1015 QC-15
Sample No. 1 124 seconds Sample No. 1 133 seconds
Sample No. 2 122 seconds Sample No. 2 129 seconds
Sample No. 3 123 seconds Sample No. 3 129 seconds

Both materials meet requirements of the specification.
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4.4.3.6 High Potential

The specification limit is no breakdown.

Three samples of Formulation 1015 each with three sealer
coats, and three samples of Q C-15 each with 3 sealer coats
were subjected to the high potential test by Associated Test-
ing L.aboratories, Inc.

There were no breakdowns.

4.4.3.7 Low Temperature Flexibility

It was agreed that this test would not be run.

4.4.3.8 Temperature Resistance

The volume resistivity shall be determined in
accordance with Paragraph 4.4. 3. 3, except the
testing shall be conducted at 1001 1°C after a
conditioning period of 30 minutes at the test
temperature to determine conformance to 3.5
(from Appendix C, Page 9 of Work Statement).

Specification Limits: 1 x 109 ohm-cm minimum.

Three samples of Formulation 1015 each with three sealer
coats and three samples of QC-15 each with three sealer
coats, were tested for temperature resistance at 100°C.

TABLE 14

Temperature Resistance of Potting Compounds as Indicated
by Volume Resistivity at 100°C.

Formulation 1015

Sample No. 1
Sample No. 2
Sample No. 3

Formulation QC-15

Sample No. 1
Sample No. 2
SampleNo. 3

Volume Resistivity -,ov

1,16 x 1010 ohm-cm

0.96 x lO10 ohm-cm
1.13 x 1010 ohm-cm

Volume Resistivity —Pv

2. 35 x 1010 ohm-cm

1.74 x 10i0 ohm -cm
2.65 % 10 0 ohm-cm

Both the 1015 and QC-15 samples exceeded the minimum require-

ments called for.
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4.4.3.9 Fungus Resistance

Specification Limit: No evidence of support of fungus
growth.

Samples of Formulation 1015 and Formulation QC-~15, and the
sealer coat on 1015 and QC-15 were tested for support of
fungus at Associated Testing Laboratories, Inc. These tests
showed no sign of either poiting compound supporting fungus
growth. The sealer coat, however, exhibited a small amount
of fungus growth. There is no obvious explanation for this,
since the 1015 potting compound and the sealer coat are both
based on a fluorcelastomer cured with DETA.

4.4.3.10 Tear Strength

It was agreed that this test would not be performed.

4.4,3.11 Moisture Resistance

This was covered under Paragraph 3.4.7.

4.4.3.12 Tensile Strength or Elongation

Specification Limit: 2500 psi Min.

The tensile strength of the 1015 formulation was run onuncoated
samples with the following results:

TABLE 15
Tensile Strength of Potting Compound 1015 Formulation

Tensile, psi

Sample No. 1 90. 0
Sample No. 2 70.9
Sample No. 3 85.4
Sample No. 4 74.8
Sample No. 5 86.9
Average 81.6
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The QC-15 samples could not be measured, because they are
so brittle that they broke in the tensile machine clamp.

The tensile strength is far below the specified minimum. With
this type of system, some improvement in tensile strength
might be expected through additional study. In our opinion,
however, such an improved product would still be an order of
magnitude below the prescribed minimum.

It should be pointed out, however, that there are materials,
which are used for encapsulating electronic components, and
which will withstand very high G forces, but which have tensile
strengths in the 100 - 200 psi range.

4:4.3.13 Shrinkage

Specification Limit: 3% Max.

The shrinkage was determined on Formulation 1015 and on
Formulation QC-15 without the sealer coat.

% Shrinkage of 1015 = 7.3%
% Shrinkage of QC-15 = 9. 3%

4.4.3.14 Compression Set

It was agreed that this test would not be : run.

4.4.3.15 Resistance to Ozone

It was agreed that this test would not be performed.

4.4, 47 1 Non-Volatile Content

The non-volatile content of 1015 has been found to be 47. 8%.
The non-volatile content of QC-15 will vary somewhat with the
mixture, but will be about 65%. Essentially all of the volatile
material in QC-15 is the water contained in the Ludox that is
used.
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4.4.4. 2 Viscosity
Specification Limiis: 100 - 450 poises

Viscosities were measured with a Brookfield viscometer at
10 RPM-with No. 7 spindle.

Viscosity at 24°C of Formulation 1015 after addition of catalyst
is 45 poises. Viscosity of Formulation QC-15 at 24°C varies
depending on the amount of Ludox that is added. The range is
15 - 20 poises.

4.4.4.3 Specific Gravity

The specific gravity of cured Formulation 1015 is 0. 36. The
specific gravity of QC-15 is 0. 81.

4.4.4.6.1 Adhesion to Metal

Specification Limit: 15 lbs. /inch minimum

Samples of Formulation 1015 were prepared using a primer
coat of Chemlok 607 on the metal. The samples prepared
with Formulation QC-15 required that the canvas be soaked
in Ludox prior to application of the QC-15.

These samples were sent to Acton Environmental Testing
Laboratory. The following is a quotation from their report
""the 3 samples were prepared for adhesion testing . . .
However, two samples crumbled too badly to grip properly,
and the third separated from the metal base during prepara-
tion for testing'.

Since this test was designed to be run on a flexible material
and both 1015 and QC-~15 are rigid; it is not surprising that
all attempts at running this test were unsuccessful.

In order to obtain adhesion to metal data on 1015 and QC-15

it was decided to test the lap shear strength according to
ASTM 1002. The lap shear strength of 1015 was found to be 110
psi on all samples run. Attempts to make lap shear samples
using QC-15 were unsuccessful.
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3.4.5.3 Bond Strength to Etched Wire

The bond strength to etched Teflon coated wire of Formula-
tion 1015, Formulation QC-15 and the conformal coating was
determined with the following results:

1015 7. 06 1bs.
QC-15 8. 56 1lbs.
MRTA-15 8. 50 1bs.

3.4.5.4 Patch Potting Adherence

The specification minimum is 2.0 x 108 ohms.

Samples of Formulation 1015 and QC-15 were dug out partially
from the insulation resistance box. The 1015 was primed with
. Chemlok 607, and then repotted with freshly mixed 1015 over
the cured material. The QC-15 sample was similarly dug out.
The surface was painted with Liudox, and freshly mixed QC-15
vibrated into the cavity. '

After curing these samples, three sealer coats were applied
to each sample curing each before applying the next one. The
moisture resistance test and insulation resistance were run
at Associated Testing Laboratories, Inc.

Following are the insulation resistance measurements at 24°C
and at 100°C.
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TABLE 16
Insulation Resistance of Potting Compounds after Patch Potting.
At 24°C:

Formulation 1015

Sample No. 10 9.0 x 107; 5.2 x 107; 1.2 x 102 ohms

Sample No. 11 8.0 x 102; 3.8 x 102; 2.1x10. ohms

Sample No. 12 4.1 x107; 7.6 x10 1.4 x 10~ ohms
Average 3.2 x 107 2.0x107  4.1x107

Formulation QC-15

Sample No. 13 1.1x10%  2.7x 102; 10° ohms

Sample No. 14 1.6 x10°; 1.4 x 100;  10° ohmg

Sample No. 15 1.0x10% 1.6x10% 1.5 x10° ohms
Average 1.2x10°  1.9x10°  1.0x10°

At 100°C:

Formulation 1015

Sample No. 10 1.4x10°; 1.4 x 102; 2.1 x 102 ohms

Sample No. 11 1.8 x10%  9.0x10° 1.3 x10° ohms

Sample No. 12 1.9x107; 2.6x10'; 3.0x10' ohms
Average 1.1 x 107 1.4 x 10 1.7 x 107 ohms

Formulation QC-~15

Sample No. 13 1.5x10% 1.6 x10% 1.3 x 102 ohms

Sample No. 14 2.1x10%  2.0x10° 1.9 x 10° ohms

Sample No. 15 1.5x10%  1.1x10% 2.3 x 10° ohms
Average 1.7x105 1.6 x10° 1.8 x 10° ohms

Neither Formulation 1015 nor QC-15 with three sealer coats meets the
minimum specification, although the 1015 formulation is considerably
better than the QC-15 material.
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Conformal Coating - Physical Characteristics (as described in
Exhibit A of the
Work Statement)

3.3.1 Appearance.

The as-poured and cured compound shall be homogeneous
and free from lumps and coarse particles and voids.

The conformal coating will have some tendency for the filler to
settle. This must be stirred back in to give a uniform mix prior
to use. :

3.3.2  Application

Conformal coatings shall be capable of being applied by
brush, spray, dipping, or thin casting temperature.

The conformal coating can be applied by brush or dip. It cannot
be sprayed.

3.3.3 Application Life

The compound shall be suitable for application for a
maximum of 60 minutes.

The conformal coating has an application life of about 60 minutes.
This is controlled by the amount of accelerator used. The material
as supplied has 0. 1% cobalt naphthenate accelerator, which is the
amount required to give a 60 minute pot life after addition of
catalyst.

3.3.4 Curing Time

The curing time to obtain optimum properties shall not
exceed 7 days at room temperature and 50 percent maxi-~
mum humidity. Elevated temperatures up to 150°F may
be used to accelerate the cure time.

The conformal coating can be cured in 6 - 8 hours at room tempera-
ture.

3.3.5 Storage Life

The uncured compounds shall be capable of meeting the
requirements of this statement of work for 6 months when
stored below 70°F.

The storage life of the conformal coating is 6 months at 70°F in
unopened containers. Mixing immediately prior to use is necessary.
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3.3.6 Repair and Rework

The cured compounds must be capable of being re-
moved, either mechanically or chemically, without
damaging wiring, solder joints, or electronic com-
pornents. The adherence of patch potiing to previously
applied potting must be adequate to withstand the 200
megohm moisture resistance tests of Paragraph
3.4.5.4.

The conformal coating contains no Eccospheres to provide
easier removability. It, therefore, must be chemically strip-
ped. Eccostrip 93 or Eccostrip 94 as supplied by Emerson &
Cuming, Inc. have beer shown to attack the coating. It is not at
all practical, however, to try to strip the resin out of an insu-
lation resistance box. As a coating it can be repaired, but it
cannot be repaired if there is any appreciable depth to dig
through. '

4. Conformal Coating -~ Performance Characteristics
(see Exhibit A and Appendix D of Work Statement)
3.3.7 Temperatufe Rating
The compounds shall retain useful physical and electri-
cal properties from 0°F to +250°F, as verified by the
insulation resistance.
Th= #isuvlation resistance was run at room temperature 0°F,
250°F, and finally at room temperature again. The specifica-
tion limit is 1 x 107~ at room temperature and 7.5 x 108 at 160~ C.
TABLE 17
Insulation Resistance of Conformal Coating
MRTA-5 at Room Temperature and Elevated Temperature
Sample Insulation Resistance (ohms) at
No. 72°F 250°F 0°F 72°F
' 3 . 1:

7 2x10t 0. 7x10° 21003 leolz
2x1013 0.58x1019 2x10, 2x10
2x1013 0. 54x10 2x10 2x10

8 2x1013 O.38X101O 21017 210}
2x10 0.3 x10,0 2x1017 2x10
2x10°" 0.45x10 2x10 2x10°

9 2x1013 0. 4010, 210, 210
2x10) 0.34x1018 2x10 2x101
2x10°7 0.44x10 2x10 2x10
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3.3.8 Hardness Rating

The hardness of fully cured compounds shall be mea-
sured and submitted for NASA-MSC approval.

The hardness of the conformal coating is 85 to 90 Shore D. The
specification limits are 80 to 90 Shore A.

3.4.1 Flammability

Candidate conformal coatings shall be self-extinguish-
ing immediately after wire fusion, with no further
evidence of degradation by combustion in 6. 2 psia oxy-
gen or 16.5 psia oxygen when subjected to the electri-
cal overload Test No. 1, Appendix B.

Three samples of the conformal coating on an eight lug termi-
nal block were tested for flammability in 16. 5 psia oxygen.

The Teflon insulation on the lead wires ignited, burned down to
the coating, and went out without igniting the coating in all cases.

3.4.2 Outgassing

The total organics expressed as pentane equivalents
shall not exceed 100 micrograms per gram of sample.
QOutgassed CO shall not exceed 25 micrograms per
gram of samgle.

The outgassing tests were run on a casting of the MRTA-5
coating.

The outgassed carbon monoxide was 2.4 micrograms per gram.
The total organics outgassed was 7.5 micrograms per gram.

Both of these values are within acceptable limits.

3.4.3 Odor

The average odor rating of all candidate materials
must not exceed 2.0, when tested at 5.0 psia oxygen
and 200°F in accordance with Test No. 6, Appendix A.

The samples used in the outgassing tests were also tested at
White Sands for odor with the following results:

The odor rating with no dilution was 1.7 which is within the
specification limits.
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3.4.4 Vacuum Volatility

The rate of weight loss in 1 x 104 torr at 250°F shall
stabilize within 6 hours, and the continuing rate of
weight loss shall not exceed 0. 02 percent per hour
when measured continuously in vacuum with in in-situ
microbalance. The rate of weight loss shall continue
to decrease with time.

There shall be no visible condensate deposited on a .
glass slide maintained at least 100°F below the test
temperature and located in close proximity to the test
specimen within the cavuum chamber. The total weight
loss for the initial 24 hour period shall not exceed 1. 0
percent.

An additional vacuum volatility test specimen shall be
prepared per MSFC-SPEC-393A, Paragraph 4.5.2.10
(see Appendix D) for conformal coatings. Upon com-
pletion of 24 hour vacuum testing, there shall be no
apparent visual degradation, and the compounds shall
withstand the required 200 megohm moisture resis-
tance tests of Paragraph 3.4. 6, Appendix D, for con-
formal coatings. '

Tests were run at the Manned Spacecraft Center in Houston
except that the insulation resistance samples were returned to
Emerson & Cuming, Inc. for the moisture resistance test.

Insulation resistance measurements were conducted at Asso-

ciated Testing L.aboratories, Inc. before and after exposure to
the condition of the moisture resistance test.
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TABLE 18

Insulation resistance of the conformal coating MRTA-5 as
it is affected by exposure of the material to high vacuum.

Before exposure, and tested at 24°C :
1 1
1.5 x 10t* 7.0 x 10*° 1.0x 10"} Ave. =1.07 x 10" " ohms

Before exposure, and tested at 100°C

7.0 x 1010 5.0 x 1010 6.5x 1010 Ave.=6.17 x 1010 ohms
After exposure, and tested at 24°C : |

2.3 x 10° 1.1 % 10° 2.6 x10°  Ave.= 2.0 x 10° ohms
After exposure, and tested at 100°C :

1.0 x 107 1.2 x 108 1.2x 108  Ave.= 8 3 x 10’ ohms

The weight loss of the MRTA -5 conformal coating exposed to
a vacuum of 1 x 10-% torr at 250°F for 25 hours was . 090%.

No condensation from the above materials was apparent on the
glass slide installed in the system.

Copiee of the weight loss tables and graphs from the NASA
White Sands Test Facility are shown in Appendix 2.
3.4.5 Fungus Resistance
and
4.5. 2.8 The compound shall show no evidence of deteriora-
tion when subjected to fungus growth as encountered
in tropical climates.

Fungus resistance tests run on MRTA-5 by Associated Testin
Laboratories, Inc. indicate that this material will support
fungus growth. The basic resin is a brominated polyester, but
the supplier would not disclose anything more about the consti~
tution of the material. [t is, therefore, not possible to comment
on what constituent is supporting the fungus growth. Growth was
slight, but was present on the test sample.




3.4.6 Moisture Resistance

When tested as specified in 4. 5. 2.10, the insulation
resistance of specimens prepared as specified in
4.5.2.5 shall be 200 megohms minimum.

(2 x 108 ohms)

Three samples of the conformal coating were tested, at

Associated Testing Laboratories, Inc., after 5 cycles to

71°C and 95% relative humidity, with the following results:
TABLE 19

Effect of moisture on the insulation resistance of the
conformal coating.

At 24t 1°C
Sample No. 1 8.3 x IOZ ; 8.5 x 102 ; 9.4 x 102 ohms
Sample No. 2 5.5x 10" ; 6.0x10" ; 9.9 x 101 ohms
Sample No. 3 1.9x1010;, 1.9x101%; 1.8x100 ohms
At 100% 1°C :
Sample No. 1 1.3x107 ; 1.3x10' ; 6.6x10' ohms
Sample No. 2 1.9 % 1010 5 2.0 x 1010 ; 2.4 x 10lO ohms
Sample No. 3 2.2 x 1010 ; 2.4 x 1010 ; 2.6 x 1010 ohms

Of the three samples tested, one passed this test when mea~
sured at 24°C and two passed when measured at 100°C.

The tests on the following pages are called for by the specifi-
cation and are described in Appendix D of the Work Statement.

4.5.2.1 Dielectric Constant and Dissipation Factor

Specification Limits: K' = 5.0 Max. pf = 0.09 Max.

The dielectric constant and power factor of the conformal coat=
ing MRTA -5 were measured at 1 MHz.

TABLE 20

Dielectric constant and power factor of conformal coating.

K' pf
Sample A 4.94 0.0088
Sample B 4.72 0.0077
Sample C 4.71 0.0074
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4.5.2.2 Dielectric Strength

Specification Limit: 500 volts/mil of thickness
Five discs, 50 mils thick, were prepared for measurement at
Acton Environmental Testing Corporation. Three samples with-

stood 20 kv; one failed at 20 kv, another failed at 18 kv.

4.5. 2.3 Volume and Surface Resistivity

v = 1012 ohm-cm Minimum
= 1012‘ ohm—cm Minimum

Specification Limits;
The volume and surface resistivities of the conformal coating
MRTA-5 were determined:
TABLE 21

Volume and surface resistivity of conformal coating.

Sample No. 1 5.59 x 1014 8.10 x 104
Sample No. 2  4.28 x 10l 2.03 xlolﬁ4
Sample No. 3  4.39 x 10 2.03 x 10

The conformal coating is well within the specification limits.

4.5,2.4 Arc Resistance

Specification Limit: 45 seconds Minimum
The arc resistance of the conformal coating was measured at
Electrical Testing Laboratories, Inc. Three samples were
tested with the following results:

TABLE 22

Are resistance of conformal coating.

MRTA-5. Sample Time to Track
No. 7 212 seconds
No. 8 214 seconds
No. 9 215 seconds

The arc resistance of the material is excellent and is well
above the specification minimum.




4.4.3.5

Insulation Resistance

The insulation resistance of the conformal coat-
ing was determined as described previously under
moisture resistance.

Specification Limits:

1.0 x 1011 ohms at 24°C

7.5 x 108 ohms at 120°C

Insulation resistance of conformal coating at 24°C

At 24°C :

Sample No.
Sample No.
Sample No.

At 120°C :
Sample No.-

Sample No.
Sample No.

(%9

TABLE 23
and 120°C.

5.5 % 101t 4.5 x 10!
1.6 x 1012 1.4 x 1012
0.7 x 1012 1.0 x 10%2
6.0 x 10° 5.0 x 107
4.0 x 109 5.5 x 107
4.5 x 109 4.5 x 107

2.0 x 10! ohms
1.4 x 1013 ohms
1.4 x 101 ohms

6.0 x 10 ohms
6.0 x 10? ohms
5.0 x 109 ohms

The insulation resistance is above the specification minimum.

4.5.2.6

High Potential

Specification Limit:

no breakdown

Three samples of the conformal coating were subjected to the
high potential test by Associated Testing Laboratories, Inc.

There were no breakdowns.

4.5.2.7

Temperature Resistance

The volume resistivity shall be determined after
a conditioning period of 30 minutes at 121° t 1°C.

Specification Limit: 107 ohm-cm Minimum

Three samples of MRTA~5 were tested for temperature resis-
tance as described.
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TABLE 24

Volume resistivity of the conformal coating at 121°C.

Volume Resistivity

Sample No. 1 6.23 x 101.3 ohm-cm
Sample No. 2 3.77T x 1013 ohm-cm
Sample No. 3 6.56 x 1012 ohm-cm

The volume resistivity is substantially above the specification
minimum.

4,5.2.9 See comments under tear strength for the potting
compounds.

4.5.2.10 The moisture resistance - see Page 35.

4.5.2.11 Tensile Strength or Elongation

The tensile strength shall be 1400 psi Minimum.

The tensile strength of the conformal coating MRTA-5 was de-
termined with the following results:

Sample No. 1 3179 psi
Sample No. 2 4157 psi
Sample No. 3 12647 psi

Obviously anything of the nature of MRTA-5 will have essen~
tially no elongation.

4.5.2.12 Shrinkage
Specification Limit: 3% Maximum
% Shrinkage of MRTA-5 =4.4%

4.5.2.13 Compression Set

It was agreed that this test would not be run.
Viscosity

The viscosity of the conformal coating MRTA-5 at 24°C is 1440
poises.

Specification Limit: 250 poises Maximum
The material exceed the specification maximum for viscosity.
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4.5.3.5.1 Adhesion to Metal

Specification Limit: 15 lbs. /inch

This test was designed for use on a flexible material and, there-
fore, attempts to apply it to MRTA-5 were unsuccessful. In order
to obtain adhesion to metal data it was decided to run lap shear
strength according to ASTM 1002, however MRTA-5 is too brittle
to successfully make and cut the necessary samples.

4.5.3.2 -Specific Gravity

The test specimen shall be tested in accordance with
Method 14011 of Standard FED~-STD-601 to determine
conformance to 3. 5.

Specification Limit; 1.2 Maximum

Specific gravity of cured MRTA-5 is 2. 53.




~J

TABLE 25 summarizes the results of the tests run on the
two potting compounds with the sealer coat, as well as the
test runs on the conformal coating. When a material fails a
given test, we have given a number to indicate the extent of
the failure. If the reader is interested in more detail, he
should refer to the text.

TABLE 25

‘Summary of Tests on Potting Compound with Sealer Coat
and on Conformal Coating

QC-15 1015« MRTA-5
Appearance Pass Pass Pass
Applicrationi Pass Pass Pass
Appli‘cation Life Pass Pass Pass
Curing Time Pass Pass Pass
Storage Life Pass Pass Pass
Repair & rework Pass Pass Pass
Temp. rating Fail 1 Fail 1 Pass
.5 Insulation resist. Pass Pass Pass
Hardness Pass Pass ?
Flammability Pass Pass Pass
Outgassing Pass Pass Pass
Odor Fail 3 Pass Pass
Vacuum vblatility Fail 3 Fail 3 Fail 3
Moisture resist. Fail 3 Pass Fail 1
.1 Dielectric const. &
power factor Pass Pass Pass
. 3.2 Dielectric strength Fail 3 Fail 3 Fail 1
. 3.3 Volume & resistivity Fail 2 Pass Pass
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QC-15 1015- MRTA-5

4.4.3.4 Arc Resist. Pass Pass Pass
4.4.3.6 High Potential Pass Pass Pass
4.4.3.7 Low temp. flexibility NA NA NA
4.4.3.8 Temp. resistance Pass Pass Pass
4.4.3.9 Fungus Resistance Pass Pass Fail 1
4.4.3.10 Tear strength NA NA NA
4.4.3.12 Tensile strength Fail 3 Fail 3 Pass
4.4.3.13 Shrinkage Fail 2 - Fail 2 Fail 1
4.4.3.14 Compression set NA NA | NA
4.4.3.15 Ozone resist. NA NA NA
4.4.4.1 Non vol. content Determined  Determined

4.4.4.2 Viscosity Determined Determined Determined
4.4.4.3 SP. ;gravity Pass Pass | Fail 2
4.4.4.6.1 Adhesion to metal Fail 3 Fail 3 Fail 3
3.4.5.3 Box;xd strength to ethed wr. Fail 2 Fail 2

3.4.5.4 Patch Potting adhesive Fail 3 Fail 1

Notes

1.) N.A. - Not applicable

2.) Where materials failed, the degree of failure is indicated
by the number following the word '"fail'" 1 = almost passed
2
3

1

definite failure
failed by wide margin

il

For further details, see text of report.
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SECTION VI

INSTRUCTIONS FOR USE OF MATERIALS

INSTRUCTIONS FOR THE USE OF POTTING COMPOUND 1015

CAUTION: Use in well ventilated area and avoid flame, this

material contains flammable solvents.

Thoroughly mix Part A in its original container. Use a lifting
motion as well as stirring motion to insure complete mixing of
the entire contents.

Weigh out the required quantity of Part A. Add 2.7 parts of Part
B per 100 parts of Part A. (by weight). Mix thoroughly. Unused
portions of both Part A and Part B should be covered immedi-
ately to prevent loss of solvent. Also mixed material should be
covered when not in use. As stated on P 13, the application

life after addition of catalyst is several hours.

The material can be applied by pouring, caulking gun or hypo-
dermic syringe depending on the size and configuration of the
mold. Regardless of the application technique, vibration will be
necessary to remove air and improve the flow of the potting
compound. After application is complete, vibration should be
continued as long as air bubbles rise to the surface. Do not
attempt to use vacuum to remove air bubbles, this will result in
large voids created by solvent vapor. ‘ ‘

Castings should be cured overnight at 120°F (49°C) and then 24
hours in vacuum oven at 135°F (58°C) to be sure all of the solvent
has been removed. For very large castings, longer time, partic-
ularly under vacuum, may be necessary. The precise procedure
must be determined by experiment.

Castings of this material should be sealed with the sealer coat.
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B. INSTRUCTIONS FOR THE USE OF POTTING COMPOUND QC-15

if Part A is lumpy, the lumps must be broken up. This can be
accomplished by pushing the powder through a 20 mesh screen
with a paint brush. After all the lumps are broken up, the as-
bestos fibers left on the screen should be returned to the mix-
ture. -

Weigh out the required amount of Part A and add Part B

(100 - 160 parts of parts of Part B to 100 parts. of Part A). 120
parts of Part B per 100 parts of Part A is usually optimum.

Mix thoroughly. The consistency of the mixture should be such .
that it will flow under vibration and can readily be spread with
a spatula. It should not flow readily without vibration. Too much
Part B increases shrinkage and cracking; too little makes it
difficult to remove trapped air. '

This potting compound can be applied by pouring, caulking gun

or hypodermic syringe depending on the size and configuration

of the mold. Vibration is necessary during application to make

the potting compound flow and to remove trapped air. Vibration
should continue as long as air bubbles rise to the surface.

Cure for at least 24 hours at room temperature in a sealed
container such as a plastic bag. Remove from the container

and allow to dry for at least 24 hours at room temperature and

24 hours at 150°F. Drying of QC-15 should not be rushed too
much as this will cause the castings to crack. Large sized
castings may require a slower drying cycle. No problems would
be expected in volumes of 200cc or less. If trouble is encountered
in the setting and drying times, these periods should be lengthen-
ed. Experimentation will be necessary to determine how great
an increase in time is required to give acceptable properties.

All castings of QC-15 should be coated with sealer coat.
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C. INSTRUCTIONS FOR THE USE OF SEAL COAT FTA-3

Sealer coat should be used as a moisture barrier on all castings
made with either potting compound 1015 or potting compound QC-15.

CAUTION: Use in well ventilated area and avoid flame. This mater-

1.

ial contains flammable solvents.

For best results, when coating either potting compound, large
flat areas should first be abraded with coarse sandpaper. In any
case, the surface should be primed with Chemlok 607 (Hughson
Chemical Co.). A coat of Chemlok 607 is applied and allowed

to dry (ca. 30 minutes at room temperature or 10 minutes at
150° F).

Caution: Chemlok 607 contains methanol, exercise reasonable
care to avoid skin and eye contact; avoid prolonged or
repeated inhalation of vapors and avoid ingestion. Keep
away from flame.

Thoroughly mix Part A in its original container. Weigh out the
desired quantity of Part A. Add 2.5 parts of Part B to 100 parts
of Part A.

The sealer coat may be applied by brushing or dipping. As much
material should be applied with each coat as possible without
running.

After applying a coat of sealer, the part should be left at room
temperature for about an hour, then cured at 120°F (49°C) for at
least 4 hours before the next coat is applied.

At least three coats of sealer are recommended for use with 1015
and QC-15. It is necessary to prime with Chemlok 607 before
each coat of sealer. More than three coats may be used where
required.

After the final coat, cure overnight at 120°F (49°C) and then in

the vacuum oven at 150°F for 24 hours to be sure all solvent has
been removed.
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INSTRUCTIONS FOR THE USE OF MRTA-5 COATING COMPOUND

1.

Completely mix the entire contents of the shipping container.
Power mix until a smooth mixture of uniform consistency is
obtained. High shear power mixing is permissible.

Weigh out the required amount of MRTA-5 and add Catalyst 7 -
0. 23 parts of Catalyst 7 to 100 parts of MRTA-5. If it is not
convenient to weigh out the Catalyst 7, approximately 40 drops
equals 1 gram, a dropper may be calibrated for greater
accuracy. Again mix thoroughly.

MRTA-5 is best applied by troweling under vibration. The vibra-
tion should be continrued until a- smooth surface is obtained and
no more air bubbles rise to the surface. :

This material will have a usable pot life of about 60 minutes and
will cure within 5 hours at room temperature.

The cure time of MRTA-5 can be reduced by addition of up to

0.15% cobalt naphthenate to the mix. However, it should be
remembered that this will also greatly reduce the pot life.
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APPENDIX 1

Statement of work and pertinent test methods
for development of a nonflammable spacecraft
potting and encapsulating compound, and a
conformal coating compound.
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EXHIBIT "A"
STATEMENT OF WORK

NONFLAMMABLE SPACECRAFT POTTING

ENCAPSULATING, AND CONFORMAL COATING COMPOUNDS
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1.0 Introduction

The presently available polymeric potting, encapsulating, and con-
formal coating compounds, although suited to their conventional applications
in ambient air, do not provide adequate flame safety for use in the cabin
oxygen environment of manned spacecraft. The primary flame propagation
hazard is associated with the relatively large surface areas of conformal
coatings which are required to provide dielectric protection and moisture-
proof terminations for spacecraft wire harnesses at terminal strips and
circuit breaker parels. Only slightly less serious is the combustibility
of present electrical connector potting compounds used in the pure oxygen
atmosphere. Encapsulating compounds may be classed as less critical,
since they are normally used in sealed components and are protected from
direct contact with ambient oxygen.

The flammability of these present compounds requires that they be
encapsulated with relatively thick layers of inorganic coatings which may
be brittle, tend to flake and crack, add substantial weight, and hamper
any wiring rework required.

2.0 Objectives

It is required that new poiting, coating, and encapsulating compounds
be developed which will not sustain flame when subjected to the special
oxygen flammability tests described in this statement of work. These
compounds must not evolve toxic gases at elevated temperatures, and the
toxicity of pyrolysis products must be minimal. They must exhibit low
volatility at operating temperatures in both 5 psia nominal oxygen atmos-

phere and vacuum. See requirements of paragraph 3. 4.
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Additional requirements described in this statement of work include
the usual stringent electrical and physical properties, high bond strength
to etched Teflon and Kapton wire, and ease of repair and rework.

A desirable goal is to obtain a clear or transparent potting and
coating compound to allow post-fabrication inspection.

3.0 Technical Requirements
3.1 Approach

The requirements of nonflammability, low volatility, and low
toxicity of pyrolysis products may be achieved by any of the standardized
techniques, by unique and hitherto unproven methods, or by any combination
thereof. The study should include investigation of conventional flame
inhibition techniques such as addition of halogen bearing compounds singly
or in synergistic combination with other components such aé antimony
trioxide, with special emphasis on anticipated volatility/toxicity problems.
The use of nontoxic inorganic fillers as flame retardant ""heat sinks, ' and
organometallic curing agents should also be considered.

3.2 Materials

3.2.1 Basic Compounds - Any materials inherently possessing

adequate electrical and physical properties may be considered. A detailed
literature search and compilation of state-of-the-art test data is required
to justify the proposed ultimate choice or choices as a starting point
for the development program.

3.2.2 Primers - The use of a primer for potting, encapsulating,
and/or conformal coatings, to improve the adhesion to the base structure is
permitted, provided the composite primer and basic compound successfully

pass all tests of paragraph 3.4.
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3. 2.3 Toxicity - Any potentially toxic materials associated
with the processing or handling of the compounds shall be identified,
and appropriate safety precautions shall be recommended.

3.2.4 Clarity - It is desirable for the cured product to be
as transparent as possible to allow post-fabrication inspection for
bubbles or voids. No special pigments or color additives shall be used.

3. 3. Performance and Product Characteristics

3.3.1 Appearance - The as-poured and cured compounds shall be
homogenous and free from lumps and coarse particles and voids.

3.3.2 Application - Potting and encapsulating compounds shall
be capable of being readily applied by an injection or extrusion gun.
Conformal coatings shall be capable of being applied by brush, spray,
dipping, or thin casting temperature.

3.3.3 Application Life - The compound shall be suitable for

application for a minimum of 60 minutes.

3.3.4 Curing Time - The curing time to obtain optimum

properties shall not exceed 7 days at room temperature and 50 percent
maximum humidity. Elevated temperatures up to 150°F may be used to
accelerate the cure time.

3.3.5 Storage Life ~ The uncured compounds shall be capable of

meeting the requirements of this statement of work for 6 months when
stored below 70°F.

3.3.6 Repair and Rework - The cured compounds must be capable

of being removed, either mechanically or chemically, without damaging

wiring, solder joints, or electronic components. The adherence of patch
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potting to previously applied potting must be adequate to withstand the
200 megohm moisture resistance tests of paragraph 3.4.5.4.

3.3.7 Temperature Rating - The compounds shall retain useful

physical and electrical properties from 0°F to +250°F, as verified by
the insulation resistance and low temperature flexibility tests of

paragraph 3.4.5.

3.3.8 Hardness Rating - The hardness of fully cured compounds
shall be measured and submitted for NASA-MSC approval.
3.4 Properties and Test Requirements

3.4.1 Flammability - Candidate potting materials and encapsu-

lating compounds shall be self-extinguishing immediately after wire fusion,
with no furthér evidence of degradation by combustion in a 6. 2 psia oxygen
or 16. 5 psia oxygen when subjected to Test No. 5, SN-P-0003 (Appendix A).
Candidate conformal coatings shall be self-extinguishing immediately after
wire fusion, with no further evidence of degradation by combustion in 6. 2
psia oxygen or 16. 5 psia oxygen when subjected to the electrical overload
Test No. 1, Appendix B.

Quantitative and qualitative analyses of chamber products
evolved during pyrolysis are required, using the techniques of Test No. 6,
Appendix A, as a minimum.

3.4.2 Outgassing -~ As a screening test, the total organics
expressed as pentane equivalents evolved from any of the candidate potting,
coating, or encapsulating materials shall not exceed 100 micrograms per
gram of sample, when tested at 5.0 psia oxygen and 200°F in accordance

with Test No. 7, Appendix A. Qutgassed carbon monoxide shall not exceed
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25 micrograms per gram when tested in accordance with the same test.
Quantification of outgassed products and accurate weight loss data in

5 psia oxygen are required prior to final MSC acceptance of candidate
materials. MSC acceptance shall be predicated upon the requirement that
none of the outgassed products shall constitute a toxic hazard to the crew.

3.4.3 Odor ~ The average odor rating of all candidate materials

must not exceed 2.0, when tested at 5. 0 psia oxygen and 200°F in accordance

with Test No. 6, Appendix A.

3.4.4 Vacuum Volatility - The rate of weight loss in IXIO"'4 Torr

at 250°F shall stabilize within 6 hours, and the continuing rate of weight
loss shall not exceed 0.02 p.ercent per hour when measured continuously
in vacuum with-an in-situ microbalance. The rate of weight loss shall
continue to decrease with time.

‘There shall be no visible condensate deposited on a glass
slide maintained at least 100°F> below the test temperature and located in
close proximity to the test specimen within the vacuum chamber. The
total weight loss for the initial 24-hour period shall not exceed 1. 0 per-
cent.

An additional vacuum volatility test specimen shall be
prepared per MSFC-SPEC-202A, paragraph 4.4.3.11 (See Appendix C)
for potting compounds, and per MSFC-SPEC-393A, paragraph 4.5. 2. 10
(See Appendix D) for conformal coatings. Upon completion of 24-hour
vacuum testing, there shall be no apparent visual degradation, and the

compounds shall withstand the required 200 megohm moisture resistance
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tests of paragraph 3.4.7, Appendix C, for potting compounds, and para-
graph 3.4.6, Appendix D, for conformal coatings.

3.4.5 Physical and Electrical Properties

3.4.5.1 Potting and Encapsulating Compounds - Candidate
poiting and encapsulating compounds shall be tested in accordance with
the requirerﬁents for Type III compounds per MSFC~SPEC-202A, paragraphs
3.4.5 - 3.5 (See Appendix C), except the adhesive bond strength require-
ments to PVC and Neoprere are deleted. Testing procedures are in accbrdance
with paragraph 4.4., Appendix C, except delete paragraphs 4.4.4.6.2 and
4.4.4.6.3. .Test results shall be submitted for NASA;MSC review and
final approval.

3.4.5.2 Conformal Coatings - Candidate conformal coatings
shall be tested in accordance with the requirements for Type I compounds
per MSFC-SPEC-393A, paragraphs 3.4.5 - 3.5 (See Appendix D). Testing
procedures are in accordance with paragraph 4.5, Appendix D. Test results
shall be submitted for NASA-MSC review and approval.

3.4.5.3 Bond Strength to Etched Wire - The bond strength
of both potting and conformal coating compounds to etched Teflon and
Kapton wire must exceed ten (10) pounds pull-out, and the failure must be
cohesive (in the compound) rather than adhesive (at the wire~compound
interface), when tested per Test No. 2, Appendix B.

3.4.5.4 Patch Potting Adherence - The adherence of
patch potting or coating material to previously applied compounds must
be adequate to withstand the 200 megohm moisture resistance tests of

paragraph 3.4.7, Appendix C, for potiing compounds, and paragraph 3.4.6,
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Appendix D, for conformal coatings. The test samples shall be prepared
with the required electrodes encapsulated by the applicabl‘e candidate
compound. The upper portion of the cured compound shall be *emoved
to a depth of at least one inch (1. 00'), exposing both electrodes, to
demonstrate compliance with paragraph 3. 3. 6. Patch potting or coating
shall then be applied to replace the original compound, in accordance
with the recommended process. The moisture resistance test shall be
conducted on the "repaired" specimen to demonstrate dielectric integrity

of the repair.
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- APPENDIX A
’ DNA-0002 .
Pypeedu’rés and .Requirerhéht’s'for the

Flammability and Offgassing Evaluation
of Spacecraft Non-metallic Materials .

~“Test 5‘
" Test 6
‘ - Test . T

Test 17
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1.0

”

TEST NO . s el
ELECTRICAL CONNECTOR POTTING R
FLAMMABILITY TEST

E 'Thls test evaluates the ﬂammabthty characterlstlcs of spacecraft pottmg
B compounds in a specific gas atmosphere environment. It is desngned to"
. simulate a short circuit or dielectric breakdown on current, cartying wires, or

- connector contacts wrthm the pottmg used to’ enwronmentaly Seal electrlcai
' ‘connectors : : s :

2.0

3.0

4.0

: Tl:ST CO"\IDITIONS PRESSURES AND ATMOSPHERE .

The test pressure and gas mixture condlttons for the pertment materials. category

- 'shaH be desagnated by the requrrements for each program

*HTEST DISCIPUNE

3.1 Each test shall be dsrected by the cogmzant Test Engmeer or hxs :

appomted alternate

3.2 Approval of the test shall be indicated at the end of the test procedure by
the signatures of the responsible Test Engmeer Entires transcribed to
the test data sheets will also be verxhed by the Test Engmeer

- CRITERIA OF ACCE PTABIUTY

Connector potting 'material shall ﬂot pe tapable of sustaining combustion in the

designated test atmosphere following removal of the ignition source with current

“overloads upto the melting point of the electrical wire conductor.




5.0

6.0
e

b"_'TEST EQU{P“JEE\‘T ’

w‘,‘“ . ,3 g ?M-"k'Vr‘*"( a -

‘5.1

‘Test Chambeg Test chambex smu have suff:cxent vo!ume to ensure ~

- complete combustion of the potting compound specimeit and shall besurtab!y 7 ; h f .

constructed and protected to ensure safe operatson ‘A window or

‘viewing -port.for visual observatxons shailbe provrded A testchamber

- - shall contaiti inlets for vacuum, source of power for wire overload, air, . o

5.4

- oxygen, and-gas mixture. A horizontal-sample holder: and a central connector -
_ mount shall be mc!uded and posrtloned wrthm the test chamber. See Frgure 1.

Pressure Gauge - The pfessure gauge shali be capable of measurmg absolute
. 'pressure with arr accuracy of+ 0. lTorr ' :

 Gas Supp!y The gas shaH be commertlaiiy avariabie conformmg to '
- appmprrate spec:fxcatrons . =

“Sample Holder and. Connector Mount = Tfoe} sample holder shall consist ; e
" of two horizontally mounted electrical connections (bolt with knuﬂed R
~.nuts) spaced 12 inches apart “The electrical terminals shall be

cofinected to the ignition power source. A central ¢onnector.

" consisting-of-a vertical panel drilled to receive a horizontal Benorx PTO?

5.5

- Jam Nut Receptacie or equrvalent shaH be provnded

!gmtron Source An external power ;upp!y shaH be provrded whrch is

" capable of providing a large steady DC current so that a’ very high

~ temperature will be achieved quickly. The power source mustbe , g
~ capable of supplymg 100 amperes of current through a 18 AWG fourteen

inch iong wire.

SAMPLE PREPARAT!ON

: 6,2' L‘

Prepare three 3y samples for each candroate pottmg compound per '

paragraphs 6 2 through 6 8 below. -

'Verrfy materral !dentzﬁcatlons as one of the rtems below

‘6 2 1 Manufacturer s Certrfrcatron

'.2,.2 NASA Certification

b
-~ 6.2.3  Contractor Certification
6

2.4 Defmrte ldent\ﬁcatron not avarlabie
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7.0

6.3

T

- 6.5

6.6

6.7

6.8

A fourteen inch (74“) length of AWG 18 white teflon- ms:u!ated wire
(MIL ~W=16578, Type [, or MIL W )2/' 9, T\/ e M‘SB 193 )

~shall be prepared as foHowa

6.3.1 Fomna"u" bend in the middle of the wire and etch
- . the center 4 inch per MSC Specnﬁcatlon Q-—3

& ;3 2 Stnp one hahC mch msulatlon from each end

65.3;3 - Cut the wire in half such that two inches of etched msulatton
' remains on the unstripped end of each seven inch Iength

~ Obtain a Bendix Pygmy PT06CP ~18- llP Stra;ght Plug or equ:valent

Strip 1/4" from the end of each 7" wire prepared per 6.3. Crimp one -

7" wire to contact K and the second 7“ wire to ‘adjacent contact L.

Crtmp hine (9) etched whtte AWG 20 Teflon. msu!ated wires, each 3"
~long, m the remammg contacts.

Place the pottmg boot on the connector and fill thh the candldate

- potting compound, per the manufacturer's instructions. Ensure that the

potting compound is within recommended shelf life. Ensure that all
steps are followed exactly as they would be in flaght ‘hardware, inciuding
cleaning and. priming of connector rear insert for, bondablllty, degassing

Upottmg compound properhum:dlty control etc.

Cure per appiscable user's procedure or manufaoturer S recommended
time/temperature for optimum properties. '

Remove potting hoot. .

CENTRAL CONNECTOR PREPARATION

7.1

7.2
~alent. Crimp a short AWG 16 Teflon msuiated Jumper hetween contact

7.3

7.4

7.5

Prepare three (3) Central Connectors per paragraphs 7.2 through 7.5 below.

Obtam a Bendix: Pygmy PTO7CP-18-11S Jam Nut Receptacle or equiv-

K and contact. L.

Place the pottmg hoot on the connector and flli with the compound to be

tested.

Cure per manufacturer's instruction.

Remove potting boot.
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8.0

9.0

TEST PROCEDURE

8

g

8

O O 0 O O O 0 0 0
W O O~ oD WN

1

N

3

4

- The procedure shall be carried out in the following sequences:

The sample prepared per Paragraph 6.0 shall be mounted in the
sample holder by focking the PTO6CP plug to the PTO7CP
receptacie which has been placed in the vertical panel provided for
it, and fastened with a threaded locknut. - The stripped ends of the
7 inch lengths of wire crimped into the plug shall be fastened

to the current supp ly terminals of the samp!e ho!dev :

lhe test chamber shall be evacuated to a pressure of 1 Torr and
repressurized to the test pressure with oxygen. Allow the chamber to
stand for one minute. A leak is indicated if an increase in test
chamber pressure of 1 Torr is observed during one minute after the

‘vacuum pump is closed off from the system. The system shall be -

brought to atmospheric. pressure and the leak corrected before any

. additional tests are carried out. Repeat the abova procedure.

_After the test chamber has been stabilized at the test pressure, soak the

specimens ten minutes. Apply a current of 55 amperes to the wire.

- {f ignition or considerable-degradation is not obtained in one minute,
~the current shall be increased by 5 amperes (i.e., from 55 to 60 and

60 to 65, etc.) until such time as the wire fails or ignition occurs.
If the wire fails, voltage shall remain applied to the open wire until it is positively

: established that current does not flow by bridging the gap to adjacent conductors.,

Three samples of each potting compound shall be tested. The failure of
any one sample to meet the criteria of Paragraph 3.0 shaH be cause
for rejection of that compound

'REPORT

" The foHow;ng test data and pertment mformatlon concerning the materials
- shall be reported: :

.1

Name and positive ndent;ﬁcatton (para 6 2) of the materlal

Vendor desxgnatton and vendor

 Usage, quantity, and surface area in the spacecraft.

‘Test pressure and test atmosphere .,

Resulté_of each test including combustion phenomena if ignition occurs.
Date of test. '
Test number.

identity of the testing agency;

~ Names & signature of Test Coordinator..

60 (41)




99-61-8

oo
B ,hvv«v\n\@ FEh Mnuw.,w\my .
s :éutoﬁm; — Ry
- NBFubyD @ \T i SBguby ) ©f
NI YT 3 ST AT 572 57 ZAT |
\g\umﬁ:\mu 6%\4««%3‘\ NKU\B\\G QGU.

- \G&bﬁﬁ\fﬁu %&ﬁkﬁﬁaﬂ dksmv\ﬁﬁd,u

- OB IINGD T VELAS

m.&\h\ xw%}?ﬁk)
JIT=§I~d3501d */Pusg
ST TG

- B

. @\0@.&.«&30&\ LIS PAB
SIT-8T-d3L0Ld Jipusg \\
T uﬁXSGU \ﬁ.ﬁ\. a2

Lo 4&.2303\
_ L@numssnﬂb \U.&ni@mu

L v wﬁ\x &%E\KJ ,
\e@\ «\%ﬁ. EZVEEY m\gq

B M_..@,\M\ |

(42)

61



99-§/-6

Clre

qU\v@mﬁ\uuﬂﬁ.\ LA b S - 8i-ddl0 [ d XIPYIH - LOLA
- b 4pbrais S J1l-8l-93-901d *XPvIR- POLL
. , ; Jm&hn\é\ Y DPPIWSD Joq uDdD ~ D

_‘Is..ill... M.).II lllll | LW\GEY\V\ A\t\( cor-0 - Y-
” “ S : m m : 4070153y B]4RISIEA - A
! | “.ual ] "?\%M,.SRUQ\_%N - .va
_. - SRR W&\é 1 RERO A AL GNFDT T
i O ! . ! , .
Lo o \/zi L S . - . vNA Ty
=%,
2 /A 2 i <
A - 1. ‘
) j \ :
S Am\.\ . ~3
. , N
e 6D ¢

STV IHOS AN INAINAE T

ST ALTTVWNG TS BNIZLOT [ DT



_”{ZS‘T NO. 6
DETERME&AT ON OF ORGANIC' QFFGASS NG PRODUCTS
' MD CARBON MONOXIDE

NU TE: This test wili not be conducted priot to’ appncame ﬂammabmty tests nor

1.0

2.0

3.0

, will it be conducted on: matenais whsch have fatled a ﬂammahxhty test unteés -

spe\,e?zca“y requested

PURPOSE

Thts woc«.dufe estabhshes the cnter:a fos’ a screening test, whnch wcH

‘determine the suitability of nonmetallic materials for use in the space
‘vehicle crew compartment environments. - The criteria is established: with -

respect to production by out-gassing of potentially toxic ot objectionable

~ volatiles. The volatifes are separated into twe categor:es Carbon Mcmoxme

and 'i"atai Orgamcs, ‘

,TEST COND!T‘GNS PR;..SSURES ? ATMOSPHERE

A'The test pressure and gas rmxture ccndstxons for the pertment matena!s category .
" shall be dessgnated by the requsrements for each pfogram

" CRITERIA OF ACCEPTABILITY -

3.1 The reporting iaboratories shall éepovt total or'gén'ics as micrograms

per gram (M g/g) of sample material using methane as a sta’ndard

3,2 The maximum aliowable level of. toiai organics’ in the tested
o conﬁguratmn shall not exceed 100 mtcrograms of tota! orgamcs
per gram of sampte. ' S ‘ ‘

3.3 Carbon monoxsde shaH be reported as the number of m;crograms

_ produced by one gram of sample matenad
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4.0

5.0

3.4

~The maximum aliowable level of carbon monoxide in the tested con-~

%igfurai:ion fshai% not exceed 25 micrograms of carbon monoxide per
gram of sample. » ' B '

“TEST DI Scmuﬁ'sﬁ -

4,1

4.2

Each Lest shall be directed: by the cogmzant test engmeer or hiS :'

, ,aggmmted aiternate

Approvai of the test shaii be md:cated at the end of the test pm-» ~
cedure by the signatures of the responsible test engineer. Entries

- transcribed to the test data sheets w&H be also venﬁed by the test

,TES ]

. eugmeer

E;QUEPMENT

5.1

o\
)

5.3

5.4

Tesz Chamber - The test chamber shall have a :mmmum main chamber

~volume of two liters, it shall have a configuration and, be fabricated

of materials which allow ready cleaning. A thermometer ot ther-
mocouple and pressure gauge for temperature and pressure determination,
respectively, shali be included in the test chamber. - The chamber shall

- be connected to a manifold system to permit evacuation, pressure . -

readings,. gas. introduction, and sample withdrawal . An alternate
system would be to connect the chamber directly to @ gas: chromata—
,graph and/or mass spectvometer for thé gas anaiyses

Heating Source ~ The oven shall mamtam constant tempeéat‘ure control

~over the test chamber to £5°F . The temperature during sample

,exposures shall be recorded,

Vacuum Pump The vacuum pump shaé! be capab ie of producmg a
vacuum less than one Torr. , . .

' Ana!ytical Equipmeht - Theana!yticalv equipment shall cénsist of the
- following types of eguipment and any other instruments which the tester’

desires to use efﬁcienﬂy to evaluate offgassing products.




Pl

5.4.1  Gas Chromatograph Sys tem Hecorder, thermal ﬁonductmty
and hydrogen flame jonization detectors. The columns shall have
the capability of separating light organic and inorganic gases,
organic sulfides and mercaptans, halogenated hydrocarbons,

- representative aliphatic and aromatic hydrocarbons including
aldehydes, ketones, alcohols, and esters. The hydrogen flame.
fonization detector has greater sensitivity to organic materials.
Conversely, because of the flame ionization. detector's lack of '

~sensitivity to the inorganic’ ‘compounds listed above, the thermal -
conduct’iv'ity detector is used fcr their identiﬁcation :

'5.4.2 Recordmg Imrared Spectmphotcmeter capable of ana!yzmg !
3 microliters (341 or less of liguid with accessones which
mciude an mfraf d gas celi wsth lOm path !ength

© 5.4.3  Mass Spectmmeter :

5.4.4 E!ectron Capture De’ceétor

, '5..4'.,5', Trappmg System suitable for trappmg and transfer of mlcrohter

quantities of liquid from the gas chromatograph to the infrared
spectrophotometer or mass spectrometer. A direct G. C. mass
spectrometer connection can replace the trapping system if desired.

'5.4.6 Gas Sémpiing System suitable for transfer of measured volumes
' fof gas samples from the test chamber to the gas chromatograph

" 5.4.7- ,\Cahbrataon Gas Samples as requwed to quantafy detector

“sensitivity and readout. These may be bought from a manufacturer
.or'made up in the- Iaboratory ’ :

6.0  PREPARATION OF TEST EQUIPMENT

6.1

6.2

Prtor to loading of sampie into a container, the container shall be loaded to
test pressure with test atmosphere, heated at 155°+ 5° F for 24 hours,

" and the gas analyzed for total organics and carbon monoxide. The container

shall be certified clean for use if the total organics value is 5 ppm by volume
methane or less over the test atmosphere and the carbon monoxide value is

5 ppm by volume or less. After use, the container shall be reused without
cleaning if the sample values are equal to or less than the above. [f not,

“the container shall be heated and purged with air or nitrogen by some conven=-

ient method, -such as a heat gun with blower, loaded to test pressure with -
test atmosphere, and tested to the above specifications.

Leak Check - The test system shall not increase in pressure more than one

Torr. while remaining at a reduced pressure of one Torr for a time period
of one hour.
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7.0

3.0

PRETEST PROCEDURE

7.1

71,

Verify material identification as one of the following:

7110 f\ﬁanufacture‘r‘s certification

o

7.1 NASA ¢ n:«z ication -
Contractor certification

3
7.1.4 " Definite 1dentificatson not available

'%'E ST SPECEMENS

8.1

8.2

8.3

Ah the matersa!s tested in the program shaﬂ be ¢i asszfued into four :
_ categorses, surface, voiume, welght -of specxahzed items .

SampieC based on Su:'face

This ciass;ﬁcataon is defined as all those materials thaz are essentlaiiy
two-dimensional. This would include films, fabrics, coatings, finishes, inks,
* primers, adhes:ves, thin film Iubncants, tapes, and electrical msuiatmg

material.

The sample tested shall have a surface area of 46.5 + 2.5 sc;uare inches
per liter of test container. Coatings, tinishings, etc. shall be coated on . 4
clean aluminum substrate of 0.020 + 0.01 inch thickness. Material e
thickness, curing process, and method of application-shal! be in accordance - '
with the manufacturer's recommendations. Material may be coated on both

‘sides of the aluminum pane!. Tapes and other similar materials with an

adhesive surface shall be fastened to a similar aluminum panel. Inall
cases, only the outer surface of a material on the aluminum panel is

counted in the surface area determinations. Films, fabrics, and similar
materials shall be cut to.give 46.5 + 2.5 square inches surface area.

Since these materials are two-surfaced in use, both the top and bottom surface
shall he counted in determnung total surface area. Heat shrinkable tubing
shall be applsed and shrunk to snmulate actual use conﬁgurat:on

Sampies based on Volume

This classification is defined as all those materials having an indefinite

volume but having a-large real surface area due to surface convolutions or
matting. These shall include foams and other blown or foamed materials

and insulation paddmg ‘
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9.0

8.4

8.5

Samples of these materials shall be cut to a thickness of 0.50 £ 0.05
inches unless the existing thickness is less than 0.40 inches. In this

case, the existing thickness shall be used. The material shall be cut to

such a size as to give 7.75 % .75 square inches of total surface per liter

- of test container volume. All surface, tops, bottoms, and sides shall be

used to compute total safface area. in caseswhére,the natural thickness
is such that the material cut woulid be too iarge to be placed into the con-

* tainer, two or more pieces may. i}e cut as iang as the total suvface area
© requirement is met. :

Sampies based on Wea,ght

This classification is defined as a%i those mater:ais havmg a defm:ﬁe -
bulk and not falling into the volume classification. This shall include
potting compounds, molding compounds, cast or formed objects, solid

 wires, and thick plastics.- Liquids thaf are not used or applsed as coatmgs

or thin f:im shall’ be ;nciuded

The samples ,shai% be used as much as poss’ih?e'énr the supplied configura= -

" tion and cut to give 5.0 £ 0.25 grams per liter of test container. Potted

or molded materidls shall be prepared and Acure&'per manufacturer's directions .
and cut to weight.. Liquids shall be placed in an aluminum dish 2.25 +
0.25 inches in 6iameter. Sample we:ght s‘\ai% be 5 0 .- 0 25 grams per
§eter

Speciaiizeﬁ ftems

{t must be recognized that some materials will not meet the above classifica-
tions and must be specially handled. This will most often occur with non-
homogeneous materials. These cases will be- tested in the manner- desmnated
by the Test Engineer. The manner of testmg and sample preparatmn shaii

, be fully reported

PROCEDURE

9.1

9.2

P_urge the test chamber until the minimum test atmosphefe concentration is
95 percent and begin heating, Bring the chamberto 155° + 5°F and ad~
just the chamber pressure to test -pressure.

After twenty-four hours, check the test gas for contaminants with the gas

~chromatograph. Proceed to 9.3 if the total contamination is less than

5.0 ppm by volume over the test atmosphere. If the contamination exceeds
the above value, the test chamber shall be fiushed and rechecked after an
additional twenty-four hours. This procedure shall be continued until the
contamination is below the specific level of 5 ppm. If the gassing contam-

~ ination continues indefinitely, revision of the test chamber is indicated.
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10.0

9.3 Place a clean wesghed specimen pre;sared per Section 8.0 inthe %est
chamber :

9..3._ ~ The chamber shall be evacuated through a liquid nitrogen trap
: to below one Torr. The chamber shall then be closed off andthe
test gas filtered through a 5X Molecular Sieve, bled into the
%xamher to test pressure. The conditions of exposure are held
at 155 % 5°°F for a total pe—nod of 72 hours. Foliowing the
- designated exposure period, the chamber is brought to room
“temperature. After the final gas samples are taken, the test
speczmen is-removed from the chamber and wetghed The
gases are then anaiyzed for the foliowmg '

9.2.1.1 Total orgamcs expressed’ a.s methane equivalents.

©9.3.1.2 Gutgaséing cdmébn’ents exceeding 10xg/g including

" but not limited to: the following: HCN, Benzene, -

_Xylene, MEK, Chioroform, n-Butanol,
Dichloromethane; 1-4 Dioxane, Formaldehyde,
Trichloroethylene, ' HCL, Ammonia, Hydrogen
Fluoride, Carbonyl Fluoride and Silicon Tetra-

~ fluoride. Condensates in the cold trap may be
. recovered as.gas and hkewnse anaiyzed and
‘ -piotted : SR

9.3.1.3 Quantity of carbon monoxxde evoived

9.4 Determination of Total Orgamcs - The gas chromatograph with the proper
: columns, Beckman Total Hydrocarbon Anatyzer or-an equivalent instrument
may be used for the determmatxon

9.5 Outgassmg components, mc!udmg those hsted in- 9 3.1.2, that exceed
104 g/g shall be ndentlﬁed and recorded in the reporting format

9.6 Deteﬁmmatson of Carbon Monoxide - The carbon monoxide content of the
evolved gases shall he determined under Section 2.4 above by

utilizing an appropriate separation and analytical techmque havmg the
sensitivity to detect within 0.5, «g/g CO.

9.7 All Chaz’ts and data.are to be retained in the event further ndentsﬂcataon
or evaluation is neﬁ,essary

REPORTING DATA -

~ 10.1 The following test data and pertinent information concerning the material tested

shall be reported; -

10.1.1 Name and positive identification of the material (paragraph 7.1)
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10.1 2 ’thdor designation and \éejncia_r .

1051.3 Usagé, éné surface area in the spacecs'arﬁ
1014 Weight and size - length, width and thickness of sample %eéteé
| 10[1».5“ Test prreésvuire'Varnd;atmdspherer

L 10,1.’6‘» ,R’f’e'su‘its‘ Qf‘_t_;és‘té
k 10161 " 'Caéboﬁ mfﬂhqxvfae m 'mférogram$ bé‘r-gra'm o
, 10162 , Tota! organiés'i‘nbmicrogil‘va‘msper rgramrvif
10.-1.6_3 .,_i'dentity 5f oré‘ahi:cs.greaﬁer th;a'nr,l‘Ovmi,'c?'ograms/g‘m"
}:‘G.Gl-;éy.zy | _,'Weighltld'ss‘,‘ perckent»r. L B
. 10.1 7 ' Na‘tr'neva'nd‘rrmmber d_‘r"',tés't' p_rocédure',"‘" R
107'71.8 - Daté'of test:-(‘ L
1019 Test hdmbef | |
' | lO.l".iOAi»dérnti'ty of the tésfiné agénqy -

10.1.11 Name and signature of test coordinator, -




1.0

TEST NO. 7
. ODOR TEST

"PURPOSE.

L used

2.0

; 3()

© These proeedures are desegﬂed to ehmmate unsmtable matenals from use in the e
“habitable area of sg}acecvart I-\ material that fails mese requaremencs snd%: not be

'%'EST COND!TGONS PRESSURES AND ATMOSPHERE

~ The test pa‘essure and gas atmosphere condxteons for the pertment matenais

categcry shai% be dessgnated by the requ:rements for each program

' GE)G‘R CR TERE&

. 3;1 : Selechon of Test Pane for Odor Evaluation - The test conductor shaH

. esﬁabhsh a pool of quahﬁed persozmel

) ‘391.1 - Membevs of the pooi shaH be male and each member be
: " capable of detec*mg seven basrc -odors from the foliowmg

solutions: ‘
Pﬂmarz Gdo ES '; ' S‘taihdard»'Co‘mpound © . Amount Dilution in Water
Ethereal : 1,2 «diehorOethane: o 0.4 mlin500ml -
‘Camphoraceoas 1, 8 -cmeoie o : 541 in 500ml
Musky 15 hydroxypentadecanoxc - 1mg m 1,000 mi
) e acid lactone ~ ‘

CFloral 1 -methyl-l-ethyl-2=  ~ 0.075 ml in 500 ml

: o phegyl propanol-1 L E
Minty . . menthone (dD). - 24l in 333 ml

7 Pungent ; A _ . fdrmic acid f  25 mi of 90 percent

“solution in 500 ml

Putﬂd (methyi d:suiphide) methyi d:thlomethane 1l in 10,000 mi

3.1.2 Members of the pool shal[ he given three odorless solutions

- -odor.,

along with the seven primary standards for the detection of

-~ 3.1.3  The solutions shall be f-reshly prepared ence a month or as needed.

3.1.4  The established pool for odor evaluation shall be requahﬁed every

three months.

~-3.1.5 A panel of five or ten members shall be selected from the pool for
' odor evaluations. tn the event that the test panel consists of five
members, each member shall evaluate each sample twice for odor.
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3.3

3.1.6 {}dui panei members. snouié veceive a nose and éhmai
examination by a medscai staff prior to, and after, each odor
test sesssm‘c f

3.1.7 N‘emherq of the peoi shall not participate on the g‘saneﬁ
_sf he;r sense ot smeH cs affectea in any mamer

3'.1'}8_ At least one: of the seven basic odcrs sha!! be presented to the :
: - panel members as a standard for sensing odor-priorto -
evaluation of odors from any sample material,

'3.1.9 ‘ Pane! members shali not be permxtted to see the matenai of to know the o

gas sampfe bemg evaluated for odor, nor to see the ratings of the Other -
‘panelists.- : : S '

341.10_ Odor evaluations on sample matewais shall be performed in.
a suatabﬁe room, free from extraneous OdOi‘b

3111 Odor evaluations shall be performed on every riew bottle

- -of oxygen or gas Used for the tests

Odor Evaiuatson - Each @anei member shall evaiuate the odcr ofa

sampie according to the following scale:

';Members Ratmg; | , Test Conductor s Ratmg k
V‘A"Undeiectab!e S ' '
~ Barely detectable .
Easily detectable

: O!“)‘ject‘ionablve 3

NDOWop

Irritating

3.3.1 A total sbare of‘25‘ or less, ‘for the sum of ten odor

evaluations of any sample material by the panel members,
“.signifies the material passes the odor test. A total score
-above 25 at any dilution signifies that the material fails.

4.0 TEST DISCIPLINE

4.1 -
- organics before being subjected to the odoy test. If a material has over

4.2

All materials shall have been tested for carbon monoxide content and total

25 micrograms/gram of carbon monoxide, or over 100 micrograms/gram
of total organics, no odor test shall be performed If the offgassing products

- above 104g/g are analyzed and are judged by the appropriate space medicine

division to be noxious, this fact shali be mt:ed on the test report and no

‘odor test need be performed.

- Each test shall be directed by the cugmmnt test engineer or his appointed

aiternate
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5.0

5.5

6.0

w.»

Approval of the test shall be indicated at the end of the tes t"zirdeedure:

-+ by the signature of the responsible Test Engineer. “Enlries trahscrrbed
“to *‘he iest dai:a sheef;s mnﬂ also be ver!f:ed by the Test anmeer

TEST EQUSPMENT

5.1"

- 5.4

5.6

5.7

Test € rambe‘ - The test chamber shall be made of pyrex glass and its -

- internal volume shall be two hters minimun. The test chamber shaH
~ have ti t”re foﬁowmg ' :
: 5.101 A gas tight rerho’vab!e cqv'e'r.} ;
5.1.2 A samphng va!ve. SR DR
5 1.3 A sampimg port capabie of bemg sealed w:th a septum

A eaberatory vacuum dessrcator may be utilized asa teft chamber.

Oven - The oven shaH be capabke of provndmg a co.rstant temperature of 200"

Test Gas Supply - The test gas shall be commercially available & conform to

the appropriate specifications.  Suitable equipment. for transferring gas to

test chambe’r shz{H ,.be used.

Sampfe Transfer Equrpment - Glass syrmges of 30 cc minimum capamty, sha!! be

~used for measuring and transferring the sample atmospheres from the test

chambers to panef members face masi

Pressure Gauge - The pressure gauge shall be capable of measuring abso[ute
pressures to within £ 0.1 Torr accuracy.

Olfactometer - The olfactometer shall consist of & mask made of odorless

" flexible material which can be applied to a panel member's face.

All odor testing evqu‘ipment shall be nonprodubers of odor and carbon monoxide,
under test conditions set forth under Section 8.0.

PRETEST PROCEDURE

6.1

Verify material identification as one of the ttems below
6.1.1  Manufacturer's certification
6.1.2  NASA certij‘f\éca‘tion ,

6.1.5 Contractor certification

6.1.4  Definite identification not available
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7.

s

J

TEST SPECH VE’ S F’REPARAT!ON

7.1

7.2

7.3

All the materials te ted shai he ciassuﬁed mto four cataqones, surface voiume,, '

- weight, or spec&ahzed items. -

S

~Samples based on Surfac,e

This ciassaficamn is defined as a%i ‘those mateﬁais that are essenhaﬁiy
two-dimensional. - This-would include films, fabrics, coatings, finishes, inks, _
primers, adhesives, thin film zubncants, tapes, and e%::cmcai mau.at.ng

“materiafl .

_The sample tested shall have a surface are'a_of 46.5+ 2.5 square ihc’r)es per

liter of test container. Coatings, finishings, etc.. shall be coated on clean .

aluminum substrate of 0.020-% 0.01 inch thickness. Material thickness, -

curing process, and method of application shall be in accordance with
the manufacturer's recommendations. Material may be coated on both sides

- of the aluminum panel. Tapes and other similar materials with an

adhesive surface shall be fastened to a similar aluminum panel. ln all cases, 7

“only the osuter surface of a material on the aluminum panel is. counted in the

surface area determinations. Films, fabrics, and similar materials shall be
cut to give 46,5+ 2.5 square inches surface aréa. Since these materials
are two-surfaced in use, both the top and bottom surface shall be counted in
determining total surface area. Heat shrinkable tubmg shaH be apphed and

“shrunk to simulate actual use conﬁgurataon

Samples baseu on Volume

This cfassmcat:on is deﬁned as all those matenais havmg a dehmte

volume but having a large real surface area due to surface convolutions or
matting. These shall mciude foams and other blown or foamed materlals

: and msu!atcou paddmg

Sampies of these matersafs shaH be cut to a thackness 0f 0,50+ 0.05
inches unless the existing thickness is less than 0.40 inches. In this
case, the existing thickness shall be used, The material shall be cut to.
such a size as to give 7.75 % 0,75 square inches of total surface per
liter of test container volume, All surface, tops, bottoms, and sides shall

~ be used to compute total surface area. in cases where the natural thickness.

is such that the material cut-would be too large to be placed into the con=-
tainer, two or more pieces may be cut as. Iong as the totai surface area

requsremem is met




8.0

9.0

7.4

Samples based on Weight

This classification is defined as well as all those materials having a
definite bulk and not falling into the volume classification. This shall

include potting compounds, molding compounds, cast or formed ohjects,

solid wites, and thick plastics. Liquids that are not used or apphed as

, coatings or thin films shail be included.

The sampies shaH be usea as much as poss:bie in the supplied conﬁguratxon,
and cut to give 5.0 & 0.25 grams per liter of test container. Potted or

" molded materials shall be prepared and cured per manufacturer's directions -

and cut to weight. Liquids shall be- placed in an aluminum dish 2.25 *

. 0.25 inches in deameter ‘Sample weight shall be 5.0 + 0.25 grams per
liter, . o e e DRREE

7.5

Specialized ftems

It must be recognized that some materials will not meet the above
classifications and must be specially handled. - This will most often occur

,thh non-homogeneous materials. - These cases will be tested in the manner

designated by the test engineer in charge. The manner of testmg and

©sal ‘pie preparation shal! be fully reported

TEST CONDITIONS

- 8.1

8.2

8.3
8.4

8.5

8.6

“The atmcephere and ereseure in {he test chamber at the ‘start of exposure

shaH be that spemﬁed for eacii program

. The sampie materials shall be heated at test temperature of 155° % 5°F |

for a test duration of at least 72 hours

Leak Check - The test system shaH not increase in pressure more than

~ one Torr. while remammg at a reduced pressure of one torr for a t:me persod »
-~ of one hour, -

~Odor eva!uatxons shai! be started Wlthm three hours of the conclusmn of

‘the thermal ‘treatment.

All measuring equ:pment shall have the proper calrbratzon stickers..

Al equipment shall be cleaned in accordance with commonly accepted A

laboratory practices and shall be given a distilled water rinse and oven-
dried at a minimum temperature of 200° F. The equipment shatl be ?ree
of extraneous odors. : :

TEST PROCEDURE

The procedure shall be conducted in the followmg order.

9.1

Sample materials shall be prepared accordmg to-the condxtlons outimed
under sample preparatlon in Section 7.0,
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10.0

e

Aﬁer lacing the sample material in the test chamber, the chamber
shalt be evacuated 1o one Torr. or less. The test chaml bet shall twen be
‘ pressus ized to test preswre angd test atmosphere

My

9.3 The test chamber s‘xaH be exposed to a temperature of 155 + 5°F in
an oven for a time eenod of at ieast 72 hours, allowing txme for mxtnai '
warm-up. ‘ :

9.4 'Foﬁowmg the tsothermal exposure the test chamber shaH be removed

from the oven anu aiinwed to retufn to room temperature

. 9.5 The pressure in the test chamber shaii be ‘measured and recorded

9.6 Observation of dlstd*ahie S’ESldLeS on mtenor chamber WaHs shail be made

_and recorded.

9.7 (ne test chamber sha!i be pressunzed to one atmosphere wuth test gas ,

and a samplmg septum mstai!ed

©.8  Odor Test - Known volumes of sample at”nosphere shall be extracted
from the test chamber by means of a syrmge and diluted with fresh gas
in the ?oiiowmq proportnons ~ .

. 8.8.1 _One part of sampie atmOSphere to 29 parts of test gas.
: 9;8 .2 One-part of sampie atmosphere fo 9_ parts of test gas.

'9.8.3 No dilution’, or as drawn from ihe flask.

'9.8.4 A matetial that fails the criterion at any of the above dilutions shall -
' ‘terminate additional testing. Testing shall begn with the greatest
dilution and progress toward no dilution.
REPORTING :

 Unless otherwise specified, the fol!owmg test data and pertrnent mformat:on
concerning the materials shaH be reported

10.1 Name and positive udentificatxon- (para. 6.0) of material .

10.2 Vendor designation and vendor.

10.3 Total rating numbers determined by the panel members.
10.4 Definition of the odor as interpreted by eac._h panel member.
10.5 Status of the material as a result of the test.

10.6 Narme and number of the test procedure.
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- 10.7 Test pzfessuyé, atmosphere, and temperature .
10.8 Date of test.
10.9. identity of the testing agency.

10.10 Name and signature of test coordinator. -




2.0

' CG?’PE EMENTARY TEST NO. 17 1
- GU EDEL%?\E:: FOR SiMu LA’%’%‘;D PANEL AND ASSEM%U‘{ ,

FLAMMABE iITY TESTS

V?URPGSE

particularly the propagation rate, of a number of different size and areas of -

~nonmetallic materials of similar or different types which make upa functtona%

assembly, subsystem or system in the spacecraft. The sizes and areas of the

materials are'such that the materials fall into Category B of the Nonmeta!hc o
| Maieﬂals Seiect fon. Gmdeimes and Test Requ;rements. :

'(%“ach item usua%iy reqt ires a specn"acaﬂy developed procedure. Gucdelmes for

asta%&éesh.ng the paé’amete?s of the €est foi!ow )

@&EELT VE

- The ob;ective of fire tes’fs on assembises is to determme the behavaor of the

assembly under the particular test conditions, and at the same time to furnish

‘data which can be basis for the formulation. of generalized fire models for the

simulation of many different fire situations. In this fashion, a limited number
of well instrumented fire tests on assemblies can lead to the ability to pred:ct fire

hazard situations for assamblies under a variety of conditions. The
- generation of this type of ability would simplify the problem of designing and

assessing the rehablhty of manned spacecraft to a large extent. Each test, then,
should be designed to be complete not only of itself, but also as a part of the

overail picture of a model of the potential fire,situation in the entire spacecraft.

'TEST GUIDELINES

In general, two modes of ignition must be considered:

i. Egﬁiiioﬁfmm an internal source, %.é., wire overioad or shott circuit,

2, lgnition from an external source, i.e., a flame ot fire propagated from
another nearby bﬁmng entity.

”\éatumim the effects of burning of the assembly must be considered in light of its

influence on the spacecraft external to the assembly, as weﬁi as the

effects of, the nre internal to the assembly. .

77

- This procedure descr:bes the method for determmmg the combustlon charactensttcs, :
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The information desired as a result of the fire tests is:
. Temperature distribution within the assembly..
. ii'nitiat point of iqnition

A

B

C . - Total heat generateé
o

E

D. s increase in pressure in the charﬁber ,
=L V'Ftame pwpagation paths wathm the assembEy
F 3 ‘ Heat transpeﬁ: patns away from the as sembiy,
G, 'P!ume charactenst:cs (temperamre, szze, shapé)
HV "Charac&erist:cs of burnmg (smrks burnmg rate, drcps, etc. )
i. - Guantﬁ:y and compos:tmn of combustzon product gases.

B 'The steps m the oves*aié test program to obtam this mfo?matmn are as foi&ows

AL Defme or seiect the test assemb%y ThiS shou!d be a pomon of the

" spacecraft which is a meaningful and convenient package for fire - :
hazard testing and analysis. The pm’tcon selected shaH be that definable
area vulnerab!e to a potentsai ﬁre

B. o Perfo&*m a fire hazard anaiys;s on the test assembiy. |
I SRR Matgraal inventory
2. CoAnﬁgfuration"énaivysfis }
3 | Therma(vrahaiyéis‘ -
- C. Design the fi’re test tovbmducé the reqﬁired information. ,T'he ‘expe?imentai

design will be based on the fire hazard analysis.

" Write detailed test procedure.
. Conduct the test.
Report and evaluate the resuE‘t‘sy.

o M m o

. Make recommendations,
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2.2

Speo_ivﬂc Guidelines

V‘A,

1.

- Test Cohditions

—‘Conﬂguratzon and mai:ena!s of the test assemb]y w;ii dup!zcate exaoiiy

- ’.V.Athe nght amcie.~ '
2. Test assemb (combust:on elenient) wiii E:se oruenteo in tne test o%*aﬁ‘oe? .
‘as it wnH be m the operatsonal spacecraﬁ: at Iaunch =

o The test chamber volume will be suff;cnent to accomociate the

- largest assembly to be tested with adequate space around the

A assembiy to allow observation of the extent of projection of
~burning pieces due to Sputtermg and expansmn of gases inter=
. Anai to the bu?nmg mass. :

. For checkmg out an assembly mounted in a comp!eted spacecraft,

the test assembly must be identical to the one in the spacecraft.
However, to demonstrate the feasibility of overcoating the flight

- assembly with a fire retardant compound and, thereby, render a

retrofit unnecessary, the test assembly must be coated with the

- same fire retardant material. and then tested for comphance w:ih
~-the ﬂammabihty requrrements. - :

. Tne test assembiy will be operatlonaﬁ pr:or to and during the test and

will be tested for operation after the test

a *The worst case mode of operatson determmed by the fwe

“hazard: analysis, will be selected.,

" b.  The test assembly will be in operation 'prior to the test until

- steady state conditions are reached, -

For assemblies containing substitute materials or new designs, the

test configuration need not be operational unless economically
feasible. Only the nonmetallic materials shall be configured as in the
flight article., Expensive components may be simulated, but the

“basic material, geometry and mass of the components must be the

same as in the fhght assembly.

| AH thermal mterfaces will be snmulated
a. ~ Cold plates

~b. Structure

c. Convection dué to the cabin fan

d.  Cabin radiation characteristics
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a.

b.

o ;_la'.

' 'Envaronment

Test chamber atmesphere temperature w:ii be. ?5 F at start
*']oftest AR

'Atmosphere pressure per program requ;rements

.Gas mixture added to unamber at norma{ spacecraft add.taon
. rate (durmg testmg) .

: lnstrumentat;on

B lnstrumentatron requ:rements for each test assemn!y witl be deter-‘
: _mined on an individual basas as’ part of the overall combust:on hazard
janalys:s. o : : SO

Temperature Measurements

Temperatures wm be contmuousiy recorded durmg testmg.

,:('1) ; Temperature measurmg and recordmg equipment er have

~ response times equal to or greater than the rate of -
- change of the location being measured-as predicted by
thermat calcu!atlons

(2) . Locatlons of temperature measurement devices will
"~ depend on the configuration of the assembly bemg tested.
‘These should prov:de ’

(a) A comp(ete temperature profuie of the assemb!y

(b) Location of tgmt«on sites

(3) Measure,ambieut .gas temperature.

(4) Measure chamber wall temperature.

Heat Flux Measurements

Measure radiant and total heat ﬂux in all directions from the
pane! by the use of fast response caiorlmeters such as asymptotic
types or equ ivalent.

Pressure Measurement

Continuously measure and record the chamber gas pressure.
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X

"d. Determme quantity and cornpos;tson of combustion gas gene!’atedé :

Suggest GC mass spectrometry methodsﬁ

B Procedure .

' . ,1 Test procedures or plans wull be wrrtten and documented pruor o
to each test. : :
: 2. ‘Each test procedure will recelve the approval of cogmzant '
S NASA/MSC personne% prxor to test o
3, 'tgmtron
aol !gmtron wa be accomphshed at appropriate sntes (determmed byt- V
- combustion hazard analysis) and will simulate the following fire
: ;.condatrons depending on most hkeiy lgmtson means determmed
by, the hazard anaiysrs o :
“a. Momentary heat source o
b. ignmon source wrth continuous heat mput (mternai)
External heat mput
' 4-'A rationale justifying selection of ignition pomt and means
will accompany each test report ‘
C. lnstrument Callbratlon
T l'. Standards‘
Secondary reference standards will be certified against prirnary
~ reference standards maintained by the NBS. The type of -
“standard and frequency of calibration shaH be approved by the
RASPO section.. :
2. 'Caiibraiion Frequency

Test chamber control and indicating instrumentation shall
normally be calibrated monthly against secondary standards.
Test item measuring instrumentation shall be calibrated against
secondary standards prior to any test. '




3.0

3. lavalidation

h Modtihca‘tion', repairs or changes shall invalidate the previbUs o
cahbratlon and the mstrumentation shaui be recahbratea pnof
- to reuse. - : _

D. ",kk_'Post Test Inspectlon

‘ V_V'The foHowmg comparable before and after test data w1ll be obtamed . .
o 1 iVCoior still photographs - | | |
2 _~.Welght of mdw\dual maternais : : -
: ,‘3,‘;0peratlonai charactensttcs .
4 'V:suai mspectnon e

TEST REVIEW AND APPROVAL

N ’_Specn‘lc test pians prepared for panel and assembly tests wnH be subrmtted '

by contractor and GFE organizations for MSC review, prior to the initiation

. of testing. The responsible test organization should commence test article

configuration and instrumentation immediately. f MSC response is not

received in 10 workmg days, test programs may be initiated and test plan’
- approval assured e o :




- SPECIAL TEST
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TEST N0, 2

 BOND STRENGTH TO ETCHED TEFLON AND KAPTON WIRE

- PURPGSE mmsn

= "This test is designed to eveluate the bonaability of- the caml:.da.fr pott:.ng,

“encepsulat ing, and. conformal coating compounds to etched TFE Tuflon wire

| insule.tion and I’EP Teflon dispersion-coated Kapton wire insulahion.

o

,cazm OF_ AGGEPTABTLI’I‘Y

‘700mpounds shall fail in cehesive shea,r at 7o less than' ﬁen (10) powds 10&39
‘‘when the yriring they are encapsulating is. subjected to 'a standardized tersile
test., Adhesive failures allowing the wire to pull cut of the compcund are

o mdicatiw of ina&equ&te etc%xings and- req&ire retesting. SRR

 5;3’?9

e

‘mrnm m'r

34 Tensi e Tester, Instrorx, or equa.l

_3 2 Samp e Holde:, per Figure l.‘ S
SAMPLE ml.PARATICN V

1& 1 The ollowing wire insula.txons shall ‘oe used in tc Linp rar-h (wnpmmci*

h.1.~1 ‘Three (3) samples of TFE Teflon mwula.t.ed WG 20 hooku » wire:,

‘per MIL-W-22759, Type MS. 21985.‘ Each sample shall consin 3L o(‘
j_five (5) wires, 2 24" long.

4.1.2 Three (3) samples of' YEF Teflon Wercoated Kapton insulatod AWG 20
~ hookup wire, per MIL-W-81381/1 (48). PEach sample shall consist
of flve (5) wirea, 2y lcng. ‘

L® 2 '.1'he wiring specimens of b. 1 shall be etched per LSC-SPEC-Q,-B (A.ppendix D).

' "h.3 The etched specimens shall be Pncapsulated in the sample hold=r of .

5.0

Figure 1, using the candidate compounds. The samples shall e cu:red,
using recommended cure time/temperature cycle, A

: ’I‘EST PROCEDURE

5.1 Insert s pin through the hole in the bottom of the sample ho'der and

attach to a clevis et the lower crosshcac of the tr—*nsih tes er.

: 5 2 Attach the wires Lmder test tcv & lu.g provided 8t the uppcr ¢ ”(}uﬁhf‘ﬂd




""""'5'*)

Assure that al&viﬁesjaug,a are attached to "t;he: tensile tester crossheads
with spherically seam@ bolts to asaure alzgnmemt of ﬁne force a,}.an;:

' “the wire axis. -

e

{msums

: 6¢l

,Set the moving croaaheaﬂ. speed at one inch per mnu‘he free head trave

Conduct the test, sssurmg that the test. wires are pulled cemplete}.y .
free of the c&n@d&te camymmde : - e , : .

Repor% the higheet io&d earriea b,;‘ the wire 'ém&er tes‘t as the alima‘&e

,load fcsr the three samples of ea.ch of the wire insulati@ng csf peras.

- 62 ’Repo ‘t whether each speeimen faile& cﬁhesively or. adhesively. :
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MSFC SPEC -2024
December 11, 1964
SUPERSEDING '
MSFC.SPEC-2072
sduly 2./‘.,; 1964

‘*; NATIONAL AERONAUI(CS AND SPACE ADMINLSTRATION

SPECTFICATION
"f,7,cpﬁyéumb;frqmrmﬁg,AuD MoLang3,ELASTOMEkj§ .

, Tnls spec1ficat10n'haq been apprcved ‘by- tbe Gecrge C Mac<h311
‘Space Flight:Center (MSFC‘ and is mandatrry for use’ by MQF and
assoc1ated contractor> T : S R : _

15411 SCOPE

1 1 Scope Thls apcc1flcation establlshes the raqu1rcments for a
“'hxgh temperature resistant,. flexible, ‘elastomerlc potting and molding
‘icompound for encapsulatlng connectors, prlnted c1rcu1t board and

o componeﬂts :

N 1’2 Cléééiflcatlonk ~~ElaStbmeric potiiﬁg éqéémolding comp yunds
,‘shall be of ‘the. f0110w1ng types, as'qpecified'(see 6'2)r

Type I« Hardness ratlng qﬁ - 60 Shore A (see table I)
Type II Ha;dness,raplng~6l - 75,Shore;A‘(see tablc Iy,
Type 111 7"Hardness rating 76 - 99 Shore A (see table 1)
2. APPLICABLE DOCUMENTS . |
2, 1 “The f0110w1ng documents form a part of this specificacion to the
~extent specified herein, Unless otherwise indicated, the issue in effect
on.date. of 1nvitatxon for bids or request for pToposals shall apply.
PECIFICATIONS

Federalu‘

. QQ-A-287 -~ Aluminum Alloy Plate and Sheet,
S T Alelad 7075.
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MSFC-SPEC-2024
~ December 11, 1964 -

 ;?7MIy-E55272' ;" ':,

TTMe261
 #’; Milltary ' ‘“
MIL R-3065;
o iﬂ_ﬁ;Lél-jAé&_fff1] L
STANDARDS
Federal

Federal Test
Metnod Standard

No 60l

PROCEDURES

‘i,_Héthyi-Ethyl~KeiQne,(for

_ Coatings). I

Use in Organic

" Rubber, Fabricated Parts.

Environmental Testing, Aeronautical and

-~ Associated Equ1pment

B flcatlon for

;Insulatlon Sleev1ng Ele

: Flex1b1e.<u

Method) R

‘1 George C. Marshall Space Fllght Center

MSFCsPROC—186' >

' PUBLICATIONS

General Speci-

ctrlcal

‘Rubber, Sampllng and Testlng (Test

Pottlng and Moldlng Cable Assemblles
stng Polyurethane Procedure for

Natlonal Aeronautlcs and Space Admlnlstraflon

NPC 200 2

NPC 200-3

(Copies.of specifications,

Quallty Program Prov1sxons for Space

System Contractors,

lnspectlon System Provisions for

Suppliers of Space Materials, Parts,
Componeéents, and Services.

standards, drawings and publications required

by contractors in connection. with spec1f1c procurement functions should
be obtalned_from the procurlng activity or as directed by the contrac ing

-officer, )
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MSFC-SPEC-2024
December 11, 1964

2.2 Other publications. - The followlng documents . form a part of
this specification to.the extent. ape01f1ed herein, Unless otherwise
-indicated, the issue in effect on date of invitation for bids or request

':: for proposals shaii appiy,,,,4f

Amerlcan Soc1ety of Testlng and Materlals

D149 _' S Dlelectric Breakdown Voltage and
i Dielectric Strength of Elcctrical
Insulating Materials at Cummerclal 
_Power UrequenCLC

;*DlSO f f lt’,," 'iA C Capac1tance Dlelectrlc Constant
S e ' - and Loss Characterlstlcs of :
Electrlcal Insulatlng Matarlalsr

D257 ) .7fﬂf f_V » ~ Electrical Re51stance of Tnsulatlng
T s : ' Materxals :
D395 “Compression Set of Vulcanized Rubber.
‘_D495'f] S 'ingh'Voltagé Low-Current Arc Resistance
. S of Sclid Electrical Insulitlng

Materlals

»‘(Appllcatlon for copies should be addressed to the Amerlcan Society for -
Testlrg and Materlals ‘1916 Race,Street Phildelphia 3, Pa.) ’

3, REQUIREMENTS

3.1 Quallflcatlon,'~ The compound furnished under this specification
‘shall be a product that has been tested, and passed the qualification .
- tests specified herein, and has been llsted on or approved for listing
' on the applicable qua11f1ed products list.

3.2 Samples,

3,2.1 Qualification sam?le, - The qualification sample shall meet
all requirements of this specification (see 6.3).

3.2,2 Preproduction sample, - The préprdduction sample, vhen required,
shall meet all requirements of this specification (see 6,2).

3.3 Materials, - The compound covered by this specificarion shall be
formulated from a chemically curing, svnthetic elastomeric cowpound and
such other ingredients necessary to produce a product to high quality

Lad
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Vsuitablé for the purpose intended. The compound shall be sopplled in two-
part kits oxr premixed, degassed, and frozen, The compound may be suppiied
as a three part kit when the addition of a colorant is requxred

3.3.1 ‘Prlmer.»«‘Theiuse'ofra pr;mer to lmprove the adhesion of the .

- molding compound to the base structure,.is permitted. “The primer shall be
~ from the same manufacturer as the- moldlng compound with which it is used
“and shall be applxed in strict. accordance with Lhe manufacturer 8

, recommendazions.

‘ . 3t3 2 Toxiczty.,-'The éombound shéll contain no benééne, éhlormnaté&
" solvents, or-other highly toxic materials, either 1n1t1a11y or as a product

of. the curlng reactlon.r

©3.3.3 Nonvolatlle oohtént - The ‘minimum ponvolatlle concent of the

: [rucompound shall be 99 percent by wexght

3. 3. 4 Color addltlves,f- ColorQ may be added ‘if the elegtrlcal and
,physxcal propertles are not reduced below the requlrements of ‘this"

' speCLflcatlon

3.4 Performance'and product characéétiSitCSv

‘ : 3 4.1 Appearance, - The compound shall be homogeneous end free from
lumps - and coarse particles. A skin is perm1331b1e on the base. comjound of
two- part kits, but the ‘skin shall be removed and discarded before mnixing,
zThere shall be no- separatlon of plgment Whlch cannot be readlly dispersed.

‘3, 4 2 Apgllcatlon - The. moldlng compound shall be capable of belng
- readily applled by an: 1n3ect10n o1 extrustlon gun as . speCLfled in
o Procedure MSFC PROC- 186 \ :

3. 4 2. 1 Appllcatlon life. - The compound shall be" sultabla for appli-
catlon for a-minimum of 60 minutes,

3‘4'3' Curing time, - Cure ‘shall be in accordance with the manufacturers
“instructions, except the curing time of the compound shall not exceed 7 days
‘maxirum at 24 + 2 degrees Celsxus (OC), or 16 hours maximum at 82 + 2°C.

3.4.4 Storage life, - Thefpremlxed compound shall be capable of meet-
ing the requirements of this specification when stored at minus 25 + 2°C
for 7 davs after receipt.  The two-part compound shall be capable of meeting

the regu Lrements’ of this spec1f1cat10n for 6 months when stored be Low
25 + 2°C, ,
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’3k& 5% Low tempurature flexibility‘ . The aompound sna;l not craak or
'Separate from the test specimen when subjected to a temperature of minus
559 g fot a mxnlmum cf 4 hours and tested as specifled in 4.4.3, ? .

, 3 4 6 Fungus req1btance..-fThe compouﬁd shali show fio evxdence of
" support to fungus growth when subjected to actlveiy grOWLng fungl '

'k‘culturas

3'4 7 Moisture resistarce. - The 1nsu1at10n reslstance of specimens
- . prepared as -specified in & .3.3.5 sha?i be 200 megéhm% mlnlmum wheﬁ tested
- fas specified in,a A3 .

3 4.8 Ozone re81stance The compound Qhall show no avwdunce of
ucracklng when exposed. for 7 days to an ozone concentration of 50 +3
parts per 100 mlii;sn parts of alr at 38 + 1 C

3 5 Phy31cal propertlas < The compound shall meet tne requirements
‘Vspecifled in ftable I when tested in accordanue with the appllcaolc test
o methoés of section 4. = = S

3.6 Product marklng = The compound “shall Be’marked as specified
Tina 5,00 o ‘ ' '

- L, QUAL'[TY ASSURANCE PROVTSIONS

4,1 The supplier is responslble for the performance of all inspec-~
“tion requirements as spec1f1ed hereln. ~Except. as otherwise specified, the

Suppller may utilize his own or any other inspection facilities and sefvxces'
, acceptable to the procuring activity, that are covered by an inspection ot
quality control: plan as required by :the applicable NASA Qualitv. Publication
'NPC 200.2 or NPC 200 -3 as referenced in the contract (see 6.2). Unless
otherwise spec1f1e , the inspection plan as required by NASA Quality Publica-
tion NPC 200.3 shall be submitted for review with ‘the supplier’s bid or
proposal tospection and test records shall be kept complete and upon
. request. made available to the procuring activity or its designated repre-

" sentative in accordance with NASA Quality Publication NPC 200-2, NPC 200-3,
.or other provisicns of the contract or procurement document, The procuring
aztivity, or irs deslgnated repreSLntatlve reserves the right to perform
~any or all. of the inspections set forth in the specification to -assure that
”kthe ¢nd item conforms to the pr“SCflbed requ1rements

.Sam ples

4 2.1 Qualification sample . - The qualification sample shall consist
of st least 10 twenty ounce kits and 24 six ounce frozen cart~idges repre-
~sentative of the identical matprlal and manufacturing process that is
usec in productlon
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".act3v1 y..covering the KLJeCtLOﬁS and the action taken to prevent recurrence

q,hc2 chproducnien Sample* ~ When preproduction tests are Tequired,
~“the PL@pdeUCthﬁ sample shall consist of at least 10 twenty fluid cince
kits and 24 six ounce frozen cartr;dgea repre&entative of the identical
mater ial and 1aﬂuf*ﬁ*”r1ng process to be uscd in y;ﬁﬂdﬂtéut Performance.
test-data shall be included with the preprodugtion ‘sample submiticd for ;
“approval. Preproductlon sample examinations and tests shall be- nc*iormed'
~by-the rontractor under MSFC. survelllance or as dirccted by the procuring

gact1v1tv at thP lnstallatLOﬁ deaignated by the conrravt or ovder (sce 6, 2}

: 'V*é,;‘2 1 ?r;ptodugtlvn &anga re;chLivn‘ o LE dny apocim@n at th prem
iprcductLon mample fails to meet the requirements of any inspection specified
© herein, the prapfodugtl@n sample shall be rejected, -Before a new preproduc-
g_tlorﬁgatmle is submitted, a detatlea rapu?f shall be forwarded to the
'~pr0uur1ng activity covering the rejection and the action taken to prevent
recurrences of the de;ect causing failure, A Yﬂworked preufcduc ion sample
“shall not be submlttcd Production lots will not be considered  for accept~
‘anqe~unt;1‘the preprqduct;on sample haa;been,appxcved‘

b, 2-37’Acéepéancé'inspection - The acceptance sample shall be selected
~at rrandom from each batch ‘submitted for MSFC acceptance at any cie time,
 The acceptancg sample shall consist of ‘& minimum of orne klt or frozen
'LartrlcgeAirom,each of the batches submltted

4 2 3 1 Acceytance ;HQPECthﬂ rejection, - ILf the acceptanze sample
fails any inspection specified hevein, the entire batch represented by
the sample shall be rejected, Before the rejected batch can be resubmitted
for ac(eptance a detailed report shall be forwarded to the procuring

of the deéfect causing failure. The defect causing failure and the correc
tive action taken will be’ the basis for permitting resubmittal, Any

work=d batch must be accompanled by a“detailed report concerning previous
reJectLon and corlectlve ‘action taken

4.3 Examinationéﬂ ' The: compound shall be examined to detarmine con-
formance to 3.4.1 and 3. 4 2. When.ready for shipment, the compound shall
be exsmined to determine conformance to ‘the packdgkng, packing, and marking
'rcqulrements of su@t?@ﬂ 5 o

L)L Test procedurec

4241 Test conditions.

4,6,1.1 Standard conditions, - Standard conditions are d:fined as
24 + 2°C and 50 + 5 percent relative humidity. Unless otherwise
specified, tests shall be conducted gt standard conditions.

s
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4,4.1.2 ~Thawing conditions. - The premixed frozen cartridges of
 molding compound shall be thawed for 30 minutes in a 49 + 19C water bath
SRR} 4 heatlng block when taken from’ a storage temperatuce of minus 290
,,’prior to xestlng : :

4, 4 3 M1x1ng and deg3551ng - When the materlal is supplled in
;two parts “the curing agent may partially crystallize. 1t is permissible
“to warm the curlng ‘agent in accordanck with the manufacturer's recommenda-

tion; excopt the temperature shall not exceed 93 + 2°C and the curing agent

‘.shall not require more than 60 minutes to completely 11qu;fy, and become
_smooth and uniform without any cfystdlllzatLon or graininess when returned

:'to 249C after heating. .Place the curing agent and the base compound in a
‘clean dry metal or glass container having approximately twice the volume
“of the ma’erzal Mix the curing agent and the base compound. thOIOLghly

'~_and degas at - a pressure of less than 5 mllllllters of mercury., The

‘material shall be agltated or vibrated during aegaSSLng to break foam,
 Degas until foaming- subsides, “The time reqqued to degas a one-pint.
Qquantlty >hall not: exceed twenty minutes;

4'4.- QUalification tegts, - The quallflcatlon tests shall consist
‘of all th; tests Spec1f1ed herein.

4.4, 3' Preproduction tests, - The preproduction tests, when raquired,
 shall consist of 'all the acceptance tests specified herein and the follow-
“ing te%tsc, The items submitted to these tests shall be considered

unseryiceable but may be retained fQ; examination by the procuring activity. .

4,4.3.1 Dielectric constant and power factor, - Three disc specimens,
+.2> inches in diameter and 0,125 inch thick, shall be cured at standard
~conditions, Tests shall be conducted in accor&ance with ASTM method DlSO

~ The specimen shall be tested at 1 megacycle and at the standard test:

conditions (see 4.4.1) to determlne conformance to 3.5,

4.4.,3.2 Dielectric SErength. - Five disc specimens, 4 inches in
diameter ‘and 50 mils thick, shall be prepared as specified in 4.4.1. The
test shall be conducted in accordance with ASTM method D149,

, 4. 4.,3.3 Volume and surface resistivity, . Three disc gpecimeas,

4 inches in diameter and 0,125 inch thick, shall be prepared as specified
in 4.4.1. Tests shall be conducted in accordance with ASTM method D257

using a General Radio type 544B bridge, or equivalent instrument, with a
test voltage of 500 volts. " Readings shall be made after application of
current,  Calculations necessary for volume and surface resistivity shall
be made using the approximate ASTM formulas for effective areas and effec-
tive perimeter, All specimens shall conform to the requ1f&mtnt3 sf 3.5,

95




MSFO-SPREC-ZO24A
Becember Li 1964

= Three

46,34  Arc resistance. diéd,specimens, 4 inches in diameter
and 1/8 inch thick shall be preparcd as specified in 4.4.1, Tests shall
be. candu(ted in accardan‘c with ASTM method D495 at a't temperarure of 24 + 29,

-and 50 + 5 percent relative humidity te dete?mlne conformance-to 3.5, The

=surface of the test :pec1men shaii be Qmooth and f?ee from dust ot other
fcontamln tlon : '

, -é‘hk3,5 Insulation resiziéﬁce - Three test specimens shall have _
dimensions aé specified in figure 1. The mold in which the specimens are
cast shatl provxde for the accurate spacing of brass rod electrodes. The
electrodvs shall beé 0,125 inch in diameter and appfoxlm&teiy 3 inches 10ng*
2 The elec(rodes shall be- inserted at the oppesite end of the cyllnarlcal
spec1men in such a manner that 1,50 inches of the length of each pair is
embedded .in compound Measurements shall be made by the megohm bridge

:“using a potential of 500 volts. Electrification time shiall not exceed

:2 minutes, “Tests shall be- conducted at 24 and 160 +- 1°¢ after o condition-
'_1ng perlod of 30 minutes at te%t temperature to ﬂetcrmlne LOnfOmenLQ to 3.5,

4k 3.6 ngh potentlal . Test sp661mens as b?@cliled in 4.4.3.5 shall
be utlll ed for this test. A potential of 1,000 volts Yoot mean square,
60 cycle per. second shall be applied b@tween all contacts, for a period
of 1 mimute, The test voltage shall be applied gradually at the. tate of
500 voltas each second to determlne LonfOLmance to 3.5

7 ,&;g13°7 de temperéture fiexibility. ~ Three testvspecimens_of
caluminum alloy, measuring 1 by 6 by 0,032 inches conforming to Specifi-
cation QQ~A-287 will be used for the test.,  The recommended primer (see
3,3.1) shall be applied to one side of the test specimens, then a

" quantity of compound shall be mixed and applied over the primer in a
“manner which will produce cured coatings with a thickness of 0,050 inch
to 0.066 inch, Ieavihg 1 inch at each end of the test gpecimen€ urcoated.
The test spec1mens shall be: 1nseried inta flexibility jig as shoss in
ﬂlgures Joand 3, so that»tho uncoatﬁd side wrll contact the contoor block
and the weight will contact only the uncoated end of (he test specimens,
The flexibility jig and test - specimens shall be subjected to g condition-
ing temperaturc of minus 55 + 1°9C fox 4 hours, After the specified
conditioning, the specimcns'ghall then be bent around - the cuived portion
of the.flexibility test jig by Teleasing the fastening hook, ~The test
specimens shall be removed and examined to determine conformance to 3.5,

4.4,3.8 lgmperdlure TGXiStanCu. ~ The volume resistivity sh: 11 be
determinzd in accordanfe with paraéraph 4.4 3,3, except the testing shall
be conduzted at 100 + 1°9C after a conditioning pericd of 30 minut s at
the test temperaturéwto determine conformance to 3.5,
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: 4 4, 3 9 Fungus r831stance - The test spec1men shali be tested 1n ',V
'jiaccordance w1th prccedure i oi Spec1i1cat10n MIL-E- 5272 to determxne

At'-3 conformance to: 3 4. 6

4 4 3 10 Tear strength '- Test speczmens cured Ln,acceréance with
‘manufacturer § instructions shall be subjected to the tear f8318t8nCc
';tests in accordance with method 4211 of Federal Test Method Standard
' Number 601 to determine conformdnce to 3.5. The test spec1mens shall
"be cut w1th a model C die. An optxonal metnod of preparing the tear
;ustrength test specimen. shaii be dlrect moldlng that w111 result wz&h
'ﬂ;'exact dlmen510ns of the speclmen cut w11h ‘@ model C dze

, 4, 4 3 11 MOiQtufe resxbtance - Three test specimeﬂs cast for
_1nsulat10n r631stance shall have dimensions as specified in fzgurg 14

- The mold in whlch the spec1mens are cast shall provide for the accurate

~‘spacing of brass rod electrodes, ' The electrodes shall be G,&Zb inch
'dlameter and appr0x1mately 3 inches long. They Shall be inserted at
the oppon1be end of the rectangular specimen in such a manner that 1,50
inches of the ‘length of each pair shall be spaced 0.050 + 0.010 inch k
- apart. 3our paqu of electrodes shall be spaced at least 0.750 ioch

'Q:apart “he spec1mens shall be placed in a humzdlty chamber at 24 % 1

' The chambser temperature bhall be raised uniformly to 71 + 1°C dhrwng
~two hour period maintaining 95 percent relative humidity. These condi-
- tions shall be maintained for six hours ;. Durlng the next 16 hour perlod
~the tempprature of the chamber shall drOp at a uniform rate to 26 + 19¢,
 This shall constitute one cycle, A test shall conslst of five complete
 cycles after which the test specimen shall be tested as apecitied in
- ,'4 4, 3 5 ro deﬁermine ccnformance to 3 4.7, .

4 4 3. 12 Tensile %trength or elongation - The Lensiie strength or

o e]ongation testing.shall be in accordance with method 4111 of Federal Test

‘Method Standard Number €01. The dumbbell. specimens shall be cut from the
«cast sheets of the molding compound cured for 16 hours at 82 4 2° C. " The
plocedure for determining élongation shall be in accordance with method

4121 of Federal Test Mefhod Standard Number 601 to determine coni3rmanee
,:tO Q 5 : .

; 4, 4'3‘13 Shrinkage. - A CUblCal mold, approximatplv 1.0 inch on
each sice and hav1ng an open top shall be utllﬁzed for the test. The
volume. et 23 + 1°C shall be determined, Mixed compound shall be :ast
into the mold and cured in accordance with the manufacturer's instruc-
- tions. The spec1me1 shall then be cooled, examined and its volum2 at
23 + 10( determined by the water dlsplacement metnoa ~The percent
shrlnkage shali be calculatcd as follows:
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 Percent shrinkage = -§++w1 x 100
o R S S

f,?lyi:= Volume of the mold and

*VZ' flnal volume ot component :

4 4 3 14 LompreSSLOn set. - The compound shall be tested in aocordance

;'—:w1th ASTM: D395, Method B, except the standard test specimen shall be pre-
. pared by direct molding of the circular disc 0,500 inch thick and 1.129
;71nches in diameter using. & °u1tab1e mold The CompfeSSlOﬂ employed shall

-goe 20 percnnt for all hardness ' : :

443,15 Re81stance to. ozone, - Flve test spec1mens 1 inch wide by

'4 inchas long by 0.075 to 0.089 inches- thick, shall be prepared as

ospgc1f1ed in 4.,4,1. Bench marks shall be made Toideh aparL centered
- perpendicular to the length of ‘the specimen, The specime ns shall be

1mounted in a suitable frame which can be adjusted in such a maunner that
. the Speclnens will be tensioned suffltlently that 1 inch bench mark: will

7 . be separate to 1.250 incheés, The frame and specimens:shall be exposed
. for 7 daye to an ozone concentration of 50 + 3 parts per 100 million parts

air at 38 + lOC At the end of the exposure time the specimens shail be

‘Fjexamlned Under a7 power magnlfler to determlne ﬁonformance to 3.4,1

4 4 3 16 Storage llfe

4, 4 3,161 Two part kitS"«'The two- paft kits shall be subjecied to

4:i;a]1 examinations. and tests specified herein after being stored for 6 months
- at a temperature ‘below 26 + ZOC to determlne conformance to 3.4.4,

'4;4,3,16,2' Frozen compound i The frozen premlxed compound slali be
subjected to all examinations and tests specified herein after being

E stored for 7 days at minus 28 + l C to determlne conformance to 3.4, 4

4, 4 Q Acceptanac tests

4 4, 4'1 Nonvolatlle COntent « Fresh molding compound shall be

. transtferred immediately to tared containers 1.750 inches in diamet or and

1,250 inches deep {(Central Scientific number 44356, aluminum culture dish,

or an approved equal). The compound shall be levaLed even with tlec top
of the dish. ~The dish shall be weighed. The dish shall then be «xposed

to 82 1 19C for 24 + 1 hours. The samples shall then be removed irom the
foven and-allowed to cool to voom ‘temperature, The dish shall then be

weighed to determine conformance to 3,3.3. Percent nonvolatile content
equals the welght of compound after heating times 100 divided by the

' welght of compound before heatlng

14
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A, N 2 VlSCGblt = VlSuGalty determinations on the base material
Aszth the addition of a curlag agent shall be made with the Brookfield
~Viscosimeter, Model RVF with & number 7 suiaéla. operated at 10
’,revolutlonb per ‘minute or with apprave& equivalent equipment. The base
[materlal ‘and. the’ vmaccsimeter shall be at a uniform temperature of
24+ 29C during the test. The base material shall be ‘thoroughly
- stirred lmmediately before testlng. Readings shall be taken when- the~

'fp01nte; first assumes a steaay poalticn after reiease of the clutch
to detetmlne conformance 1o 3 5

s 4 4 4., 3 Specxfic gravzty = The test specimen sh311 be tested in
_,.accordance with method 14011 of Federal Test Method Standard Humber 601
: to determlne c01f0rmance to 3 5 '

4 4 4 4 Appllcation 11fe.f

: & é 4 4.1 Two- part materlal - A 250 gigm sampleVéf mixed compound
“Shall be used to determine application 1life, which shall commence at the

"A,end of the mixing period, A standard onemhalf pint can with its retaining

flange removed shall be utilized for testing in conjunction with a

'—k;Brookfleld Viscosimeter, Model RVF, equipped with a number 7 spindle and

operated at 10 revolutlons petr mlnute, Consistency shall be determined

f"f_'at the end of a 50 minute period. Supplemental readinmgs shall be made at

10 'minute intervals until a readlng of 1,000 poises is attained which
'shall be con51dered as_ the end of the appilcation life test. The spindle
shall not ‘be. drawn from the material during the test, Readings shall be
 taken when the pomnter on the viscosimeter dial first assumes a steady
f;jp081t10n after a mlnlmum of thfee revolutions £ determine conformance

‘:‘to 3 5

4 4, 4 4, 2 Premixed, frozen coﬁpdund, - A6 fiuid ounce. compound

"'cartrldge,thawed in accordance with 4.,4.1.2 shall be equipped with a

4 inch nozzle having a 0.125 + 0,005 inch orfice. The gun and material
shall be maintained at a standard condition throughout the test, The

gun shall be attached to a constant air supply of 75 + 5 pounds per
square. inch, From 2 to 3 inches of material shall be Textruded initially
to £ill the nozzle and clear any entrapped air, Material will be extruded

into a suitable contalner ‘and app&lcation life determined as specified in
4 40040, 1;

4.4 %5 Hardness. = The hafdﬂéss tests shall be performed in accord-
ance witkh method 3021 of Fedezal Test Method Standard Number 601 to
fdetermlnu conformancp ‘to 3. S

ot
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4,4;4‘6,.Adhesion'j

4 4 4.6, 1 Metal test 5pec1mens A 3 by 6 approx1mately 0, O623 1nch :

~’f_alum1hum allsy panel conforming to SpelelcatIOﬁ QQ-A-287 shall be cleaned
.. w.th a solvent such as methyl-ethyl-ketone conforming to Specification
CUTT-M=261, . Clean cotton gauze sponges shall bBe used to wipe the wet solvent

from the suzfaces to avoid redeposit of contaminants, The cleaned surfaces
‘shall be primed with a thin coat of primer recommended by the molding com-
pound manufacturer, and allowed to dry in .accordance with the manufacturer's
- recommendations, but not to exceed 60 minutes, -A 0,125 inch coating of the
molding’ comaound shall be applzed to the prlmed metal panel, ‘A 3 by 6 inch’

.-.area of a 3 by 12 inch strip of cotton duck sheeting shall be intimately

‘coated ‘on oie side with moldlnb ‘compound and placeé on the panel, deaving
_a loose end approx1mately 6 inches in length. 7The’ panel shall be cured
for 16 hours at 82 + 2°C. Two 1 inch wide strlps shall be cut through the
»compound and fabric to the panel surface and extended the full length of
‘the loose end: of the fabric. The edge of the paﬁel s%ali not be used as
‘one. edge of the test strlp, _

4.4, 4 5.2 Rubber test spec1mens - A 1.50 by O, 075 inch thick enominal)

-v  rubber Spectmen ‘qualified to Specification MIL-R-3065, SC 615 shall be

~buffed with a suitable abrasive to clean the surface. The ‘method of abrasion
shall assurz . complete- breaking of the surfaces to be primed, Loose dust
- shall be removed by blowing off with clean dry air and wiping the suvfaces
‘with the primer recommended by the moldlng compound maanufacturer., A thin
~~coat of ‘the same primer shall be applled and allowed to dry in accordance
~with the manufacturer's instructions, but not to exceed 60 minutes. The
primed rubber shall be placed primed side. down on the mold (sece figure 4)
‘and “secured 'in place with masking tape,’ The assembled mold shall be placed
‘tubber side down on a flat surface and the cavity shall be completely filled
_with. the mclding compound to a slight crcwn A metal panel cleaned and
primed shall be placed on top of the mold. : The test specimen shall be
curéd with the rubber sides down for 16 hours at 82 + 2°C and then allowed
,~to cool at least (12 hours at room temperature prlor to teatlng

4.4.4.6:3" Vlnyl test specimen. - A 6 1nch sampie of vinyl tubing con-

o  forming to Specification MIL-I-7444, 0.50 inch in diameter or larger shall

be split lengthwise and the surface to the vinyl tublng to primed shall be
made tacky by applying methyl-ethyl-ketone conforming to Specification ‘
TT-M-261 before prime application, - The surfaces shall then be coated with
~a primer rocommended by the molding compound manufacturer and allowed to
become tack-free. The test gpecimen shall then be prepared in the same
manner as the rubber sPec1men in paragraph L 4,6.2,

 16
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. 77.4 4V4 6.1 through 4.4.4.6.3 shall be tested in accordance with method 8031

- MSFC-SPEC-202A -
‘December 11, 1964

VSRARAS 6(4‘ Test method - The test specimens prepareé as specified in
‘ ?vof Federal Test Method Standard Number 601, except that a 180 degree puii*—~

7”and a jaw: separatlon‘rate of 2 & 0 125 1nch per mznute shall be used to
] determine conformance to 3.;.:, -

5 PREPARATION FOR DELIVERY

s, 1 Two parL kiLs - The base compound and Luf;ﬂg a?ent shall be ;
v packaged in individual LOHLSL“GIS “The ratio of the quantity LOﬂtEiﬂ&& in
"*ﬁthe base’ compound container to the quantity contained in- the curxng agent
 _container. 'shall be the same as the recommended miw1ng ratlo Of the base L
'5fcompound and curlng agent

5, 1 - Frozen compound - The frozen compcund 3ha11 be ptemlxed

v:‘ 'dégassed, and packaged in 5, 6, or 12 ounce Pyles Industries Model 9500

2 ,Polyethylene Cartrldges, or approved equal, complete with plunger and
"cartrldge cap.vsg ’ B ;

: 5 2 Packing._« All exterior shlpplng aontalners in the shlpmeqt ;
shall contain: the ‘same numbér of the type of unit packages, Shipping
‘containers shall be of uniform size and shall be so designed ag to
insure that damage is-. prevented durlng handllng and shipping, Frozen
shipments shall be packed 1n a manner that w111 prévent thaw1n& or.
:kother damage durlng transxt : :

~5~3 Marklng, 7;f ﬁ'H

s 5 3 1 Base compound contaxners ~fEach base compound contalner
o Shall ‘be durably and 1eg1bly marked with the f0110w1ng 1nformat10n

 (a}‘ Tltle, number and date of thlS specitxcation ;
':(b) Classxflcatlon (see 1, 2) | k k
!(éj;;Manufacturer s name and,addreéég'
(d) Manﬁfacturer;é §roau¢t7designation;
(é) ‘Maﬁuféctﬁrer‘;'ﬁééch designéticn.
;(f) VManufacturer s batch GESlgnatIOﬂ for the curlng agenﬁ
. that the base compound is to be used with,
; (g)- Stockvﬁumberv B |

18
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':4(h} Dété of mahufadture.
S {d) Contract pumhef; .
:~(j)viQuantity ééﬁ _p>d

, 5 3 2 Curlng agent contalner - Each curfng agent CDﬁtalﬁtf Shéli
‘be durably and Ieglbly marked with the following information: ‘

"(a) Manufacturer s name and address
:ZA(b) fManufacturer s product deszgnatien
(o) Manufacturer s batch desxgnatlon

'f"(d) Manufacturer 8 batch d651gnat10n for the baSE"
S compound that the curlng agent is to be used w1th

~  (e)‘;Date:0f manufacture

© 5.3, Frdzen'caftridgés D Each frozen cartrldge shall ‘be durably
and leglbhy marked thh the follow1ng infoxﬂation

(a) Title, number,-and,date of‘thls specifiéatidn.
(b) C;assificatiéhf(éee‘1.2}‘
'KQ) Maﬁﬁf;;fqrer'S néﬁé!and‘éddiesg;
' (dj QManufécfureffé'pioduéf-degignation,
(e) Manufégturér'slgatch designation.
1tf) 4Stdckkﬁumbér.
- (g) Date éf manuféctgie.
“(h) ‘Cohtract‘number;’
(i) Quantity gontained.
534 kixtexiox 1h1bp1n? contalnersV - Bach exterioxr Shlpplrg con-
tainer shall Te }cglb}y and durably marked with adequate instructions to
insure. that damage during handling and shipping is prevented. Instruc-
‘tions for handling to prevent thawing during transit from manufa:turer

to procuring activity and storage after receiving shall be marked on all
extericy shipping containers for frozen cartridges,

19
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5 wrgs

i 6. i 3ntenéeé use < fhls spﬁﬂzfigatien iﬁ 1n%eﬁdad fer usg in
« I,quai;fyiﬁg eiastcméric eompaunds (for gOttiﬁg aﬁd maiélng} ta be ﬁsed
;;Ln,sgace vehicle ané associated equ;n@eat '

o

L 6 2 QrderingAdata, < Prccur%mant dcbumeﬂﬁa a%ﬁuié a§ecxfy tﬂ@
',_following* = SRRSO

7423?(3}, Tltle numberﬁ and éate of thls Specificatlon.
?  §5) ¢Type af elastomez1c compaund
: ffi(éf};Whether a preproductzon sampie is fequzred (see 5 2

5 {€)‘?where prepzoéuctzon Or tests are ta be perferm&d
. (see 4 25 2) . :

"r{éj‘_Agpllcable quallty publlcatlon (see 4 }}

: 6.3 Prov1510ns fcr qualelcatlon»:« Wlth respect to praducts requlr«,
2 1ng quallf:catlon awards will be made. uniy for such products as have,
prior to the bid opening date, been tested and ~approved for 1nc1u31nn in
the appllcable quallfled products list whethez or not such products have
“actually been- so listed by that date.;*The attention of suppliers is
“called to this requirement, and manufa urers are urged to. -arrange Lo
have the products that: they prepose to- foer to the procuring activity
“ tested for quallflcatxon in order that'f e"may be eligible to be
' 1awarded contracts or orders for the prodﬁc covered by thzs ‘specifica-
cationy Requests for 1nf0rwat1‘n;perta1n1hg to quallficatlen of prodzcts;,
- covered by this Speczflcatzon shculd be. adﬁressed to

 ,Ch1ef Electrlcal Equ1pment Sectxon .
 Electrical Systems Integratlon Dlvislon
,‘,WlAstrlonlcs Laboratory o :
. George C. Marshall Spéce Fllght Center'

'“Huntsv111e Alabama
o

Notl« r When Goverqment draw1ngs Spec1f1caglons .or sther caﬁa
“:are used Eor any purpose other than in connection with a definitels
. related Government procurement operation, the United Statee “Governnent ,
;. thereby incurs no resgon31b111ty nor any obligation whatsoever; and the
fact that the Government may have formulated furnished, or in any way
{ supplled the sald drawzngs spec1fzcat;ons 05 other data is not to be
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'iegarded by 1mp11cat10m 01 ﬂtﬁerwis% as in gqy msnﬁer liﬁéﬁblﬁg the %deéz
~ or any other person, cerpsratzen ot ccnveylné any rxghts Or permission
£t0 - man ufackh*e use, G; 8%;& aay pa;entee zﬁventiﬁn that may in any wsy

b be related thereta

- "f’C_LAzsrtddvian:' i 7‘ : : j:: ; V. ?reparing &Cthley
4NASA - G@(tge c. Marshall Space George C %arshali u?&cé g
’ Flzght Center-<;n~V;‘ _-t,,' Fiighﬁ Center AT

it
o]
oo
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. APPENDIX D
. MSFC-SPEC-393A
-Amendment 1 -
~ COMPOUND, PRINTED CIRCUIT BOARD
- CONFORMAL COATING, ELASTOMERIC

. MSFC-SPEC-393A
- ‘October 9; 196k




MSFC-SPEC-13934
Amendment ]
January 17, 1966

!ZANATIGNAL AERONAUTICS AND . SPACE ADMINISTRATZGN

SPECIFICATION :

 ”!j, COﬁPGUND PRIvTEb CIRCUIT BOARD '
CONFORMAL coATING ELASTGMERIC SR
The amendment forms a part of Gecrge C Marshall Space Fllght Cenzer VV

- f(MSF() Spec1ficat10n MSFC SPEC-393A, dated April 19, 1965, and has
 .been approved by MSFC and is avallable for use by MSFC and as%0c1ated

”‘;p*contxactors

R (1) ?age 8 paragraph 4. 5 1 3 line 4 Changé "GO'dégrees cH
7,’to rvad "93 + 6 degrees c." S : O B .

Custudlan “ -f, ;4”i“;j _A o ,'f,’PrepafinavéctiVity'
JNASA - George C. Marshall Space " ;7 Ceor"e G Marshdll Spnce
Fllght Center SR - Filght Center

10




MSFC-SPEC-3934
o April 19, 1665
- BUPERSEDING -
~ MSFC-SPEC-393
'i,Octeﬁer 9, 1964

L ‘ﬁgzzsgaz;ggﬁéﬂgvﬁzcs'AND'Ségca ADMINISTRATION
':_ g?ﬂrzszcarzam

&8&PGUN3, ?RiNThﬁ CERCUIT Bﬁﬁﬁﬁa

o fCONEQRE&LACGATzﬁc,EEL&STGEERIC,*

This spacxfiazti&n has ieem apprave& %y the Gﬁarg@ Ce M&rshaii Spacsa

, Lgﬁt Cinter fﬁa?”} ang iz maﬁéa?ory for uﬁe by MSFC ané associat %é
'cc%iraCzﬁr ’ ; , o

'1;'

£

COPE
AR W ) Scaﬂeq This Sp?ﬁi&l?&ilﬁﬁ e&tahiiaheﬁ the . EEQULIQmQﬁt% for &
E .%zgf tamgeratu?e x%sie ﬁit, flexible, elagtomeric compound for conformal
alr: :

coatings, printed uit dde, and camponvnts»,

1¢2~”C aSQlLlG&tlﬁﬂ¢-“ Goating wsmp&und ahﬁll be of the fcllawing LYype:

k Type Exn ?Hyszcal g;opeztie& shali %e iS5 specifie& in t%bie I.
: | NOTE

ﬁé&i?éﬁﬂﬁi iyp@a will ba adﬁed wh&a q valified
by ﬁS%C‘ , :

2. ayyiicgﬁza DOCUMENTS
2.1 The a@éi&wigg d@c&menfg form a gart of this specification to the
extent specified herein, Unless otherwise indicated, the issue in effect
Con tha datg ol 1ﬁ¥g£@iiﬁﬁ for bids or ;equegt fsr pra;ﬁaala ghall agg&y@
S”Eizfi gm?ﬂgf
'g;%‘ﬁ{g”i

y-b-287 : Aluminum Alloy Plate and Sheet, Alclad 7075,
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| TT-M-261

IT-X- 916

Mil*tarz
MIL-E-z;ss
| MIL«C-SQIS
| MIL-E-5272
MIL-A-6091
. MIL-I-8660 -

EIL-I 10428

5 Methyl»Ethvl Ketone (for Use 1n

) Organic Coatlngs}

"f‘Xylene (for Use in Organic Coa*lngs}

’flgﬁthyl'ﬁidohol'(fbr,ofdﬁancé;Use){
' Connectors, Electrlc;"AN“ Type.

,:‘Envlronmental Testlng, Aeronautlcai

and Associated: Equlpment General .
Spec1£1cat10n for.,“ :

;5¥Aicoh01 Ethyl Spec1a11y Denaturea,'

Alrcraft‘

k’ Insu1at1ng and Sealing Ccmpound

Electrlcal

'isOPropyl Alcohai Technlcal

Georgg C Marshall Space Fllght Center

HSFC SPEC- 377;

STANDARDS
,'Federéi}f ,
FE{);STD-406
EED STB 601

PROCEDURKMS

: ?lastic Sheet, Laminated Copper Clad _

(for Prlnted ering), Spec1f1cat10n
for. o BE , , :

Plastics, Methods of Testing.

Rubber, Sampling and Testing.

Space Fllght Center

Geocge C. Marshall

ﬁSFC«‘-PROC—;Z%

"Coating., Conformal (Polyurethane),
Printed Circuit Aasemblies3
Prccedure for.
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~ thig specification to the &xtent specified herein. Unless otherwise

| MSFC-5PEC-393A° .
April 19, 1965

5 szmcarmws '

ﬁatiansl Aaf@n&utica and Space Admiaistratian {ﬁASA)7

NPC 280-2 SN Guality Ezogram ?zcv%sicns férl’
' V System Cantractors,- R

»NPC'2@043 ',  R Inapecticn ayatem ?rovi&imns for Suppliers};
o SR of Space Eaterials, Parf:.s3 Camponents,""
and Services

' (Capies of specificatians, stanéarég, drawings, and publlcations requiredgff’- :

by contractors in’ connection with specific ptocuzem&nt fanctlans should = ...
be cbtained fzom the precuring activity or &s. dir@ctéd by the contzactiﬁg~ '
',cxfiaer . , V ,

2s 2‘ GthérApub icaticns,‘- The foliswing docum&nts form = pazt of

indicated, the issue in effect on date - of inviﬁation for blds ot z@quegt
laf pregcsaia ghell apply. ‘ :

Américan Scciety for Testing and M&teriala (ASTH)

ASTM 3150 59? . Methods of Test for A-C Capacitaﬁce,‘
- . . Dilelectric Comstant; and Loss :
Characteristics of Electrical
Insulating Materisls,

'3323 3257§61f"‘ Methods of Test far Electrical Resistance
\ " S of Iasulating Haterials.

{&@@iicatisn for copies ahould be a&nressed to tha American Society for:
_T@ﬁting and Eateriﬁls, 1916 Race Street, Philadeinhia 35 ?enﬂgyivania Jy

REQQER?MENTS

, 3.1 Qualiii@&tion - The compoun&s :ufnishéd according to this
‘a@@cification ghall be a product that has been tested, has passed the

the qualification tests specified herein, and hég been listed on or

approved for tigting on the appliaable quaiifieﬁ products list.

3.2 S&mgle

3.2.1 aniifiaatiaﬁ, - The qualification &amgié shall be cap&bie
‘of meeLiﬁg the requiremeﬁts of this Ep&cifiﬁ&tl@ﬁ {g8ee 6.,3).

{ad
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3f2¥2 ’?reprddsctian.,~ The éiepfaéLctién'gampie, w%e&Vrequireﬁ =
{szee 6.2}, shall be capable of meating &ll thé requiremenﬁs of this |
%?‘ﬁifi63tiﬁf. .

3.2.3 Quality &ssurance.:e The aualigy assurance sample, wheaA

veguired (see 6.2), shall be cap@bie of meeting sli the requirements
of %hzs specific&tion. : -

3.3, Haﬁeziaia.»a The cempouﬁé ccvered by this apecification s%ﬁil
be zarmuiated from a chemically curing, synthetic, elastomeric compound.
The compound shall be sugpiiéd ia twc«part kits or ;r&mixeé éegﬁas‘éa
“frozen C&ffﬁiﬁgéﬁey B ,

3.3.1° ?zimer.'é The use af & primarg to impreve &dheaio& of th@
coating compound to the base structure; fs permitted. The primer shall
be from the same. maﬁufaﬁtu?ef &s theé coating compound with which it is
uzed and shall be applie@ in ﬁtticb &cgﬁZ&GﬁCQ with th@ ﬁﬁﬁﬁf&chreT 8
?wcﬁﬁmenda&icn@,

3 3.2 xexicitz < The camgcuad shall contain fels) b@ﬁgane, Chi@?iﬁﬁ?@é
golvents, or other highly toxic mﬂteri@lﬁs elther iﬁiti&iiy or as a
: ’y?@@@C& of the cufiﬁg ?e&étiﬁa,_ : ,

3ﬁ3.3 ﬁ@?ﬁ@iﬁtii@mgcﬁt@ﬁ = The minimum n@nvazstiiﬁ @@ﬂt@ﬁt ri€ the
und shall be 99 percent by weigh€,

g\l
“M

- EezF@zmaﬁae amd araduct chazacteriat&cﬁ.,

S

3.4.1 Aggeafance, - The camgeunﬁ ‘shall be hcma@@ﬁ%@ua and frée from
lumps and coarse particles. The base compound of two-part kits ghall not
colidify at 16 degrees Celsius (C) or ebove. 4 skin is permissible on the
bage compound of two=-part kits, but the skin shall be removed and discarded
before mizing. There anaii be no. 3eparaticn of pigment which cannot be
readily xedi@p@fsedg :

3.4.2 Application. - The ca&ting ecmpouné sh&iz be eapahlﬁ of being
~readily epplied by a spray gun ag gpecizxed in Procedure MSFC-PROC-293.

3.4.2.1 Applicetion life. = The ccmpcuna shall be %ﬁit&blé fax
licagion for e mini@um of T80 minutes.

3.4.3 Curing @ime@ - The curing time of the comp@uﬁé,aﬁail he 7 days
maximum at 26 + 3 ﬁegzéea G, or 16 hours maximum et 82 + 3 degree: C.

Storage. life. - The premixed compound shall be capable of

he requirements of this specification when stored at mirus 29
r 7
1

days after mixing. The two-part compound shall be capable
he vequirements of this specification when stored £ov & months

ot
oot
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2 3.4.5 'Fungus reéistantE.;' Th ;;cmpound shall show no ev:éence
- of decerloratian when- Subjected to: fungus growth as encountered in
' zroplcal clxmates, LSRR

3.4.6 Moxstute rEaistanceavn When tested as specifxed in 4.5.2 IG;' )
 the insulation resistance of specimenq pzeprared as Speleled in & 2.5
~ . shall be 200 megohms minlmum o .

o 3 5 Physicai prope?ties, - The compound shall meet the requireménta
jspécified in table T when tested in accordance with the applicabie test
methoﬁa of section 4. : ; : , T ;

f 3 6 Product mafklng.,» The compound shall be marked as saeciiied
in 5 3. . ‘ . .

‘ _3,7 ‘CﬁerSien on metal parta, - The parts shall show no eviaence—*
~of corrosion when iﬁ contaét ith th@,ccnform&i coating mater;al.f

4; QUALETY AS%URANCE PROVIJIONS"

4.1 The suppller is resp0n51b1m for the performance of all inspection
requirements as spedified herein. Except as otherwise specified, the
supplier may utilize his own or any other inspection facilities and
services acceptable to MSFC that are rovered by ‘the applicable NASA
Quality Pﬁblic&tlDﬁ NPC 200-2 or NPC 200-3 as referenced in the contract
{see 6.2), Unless otherwise sptc1f1ed the 1nspectian plan as required
by NASA Qualzty Publication NPC. 200-3 shall be submitted for review with
the supplier's bid or proposal. 1nspectzon and test records shall be
kept complete and, upon request, made svailable to the procuring activity
or - its dea;gnatwd representative in accordance with NASA Quality Publication
NPC 200-2, NPC 200-3, or other- provisious of the contract or procurement

document. - The procuring activity. or jts designated representative,
reserves the right to pertozm'any or all of the inspections set forth
in the specification to assure that the end item conforms to the pre-
scribed requirem&ntsc '

4.2 Samp;gia

4.2.1 Qualification, - The qualification sample shall consist of
at lesst 100 fluid ounces in 5 or more kits and if packed in :‘rozen
carteidges twelve b-ounce kits represeptative of the identical material
and manufacturing processes to be used in production.

W
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. Tahie:i,

vPhyaiaairgrapéztﬁes o

'T,Ptoéertigé

Requirements‘« Type I

- Dielectric constant .
Dissipation factor =~ =
Dielectric strength
(50 mils)
Volume resistivity
{ambient)
Surface. zészativity,
Arc resistence '

-§ . Insulatdion resis&ance

{smbient) :
Insulation reefatance
(125 degrees C) ~
High potential. raﬂietanee
6¢ cps/l minute
 Temperature resistance
{125 degrees C)
~Tear strength
Tensile strength
‘Blongation .
‘Shrinkege
Herdnese {after full eure)
Compression set
| Viscosity (24 degrees c).
 (freshly mixed from
two-part kits)
- Viscosity at 45 degrees C
1 Viscoaity (24 degrees C)
' (freshly thawed when
premixed and frozen).
Adhesion bond strength
(mecdl) (epoxy fib@rglass)
SBpecific gravity :
Nonvolatile coatent

o 5.0 maximum :
0,09 maximum

1,2 maximum

e

500 volts/mil thickness —
' minimum L
1 % 10l2 anma~cm

mindimom -

© 1 %x71012 ohms mimimum
45 peconds minimum
100,000 megohms

minimum

~\?5G megohmﬁkﬁinimum
*No breakéown

Vll x 109 chms/cm minimum

125 psi minimum
1400 psi minimum. ==
500 percent minimum —~
3 percent maximum —

80-90 (Shore A) ___°
30 percent nax imum -
250 poises maximum .—

100 poiees waH Lrnum :
Not less than 100 poises nor

- more than 450 poises

_ 15 1bu/inch minimum ——

{(without primer)

P

99 peveent by welght
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4.2.1.1 Qualification rejection. - If any specimen of the qualification
sample fails to meet the requirements of any inspection specified herein, the
qualification sampia and the eatire lot shall be rejected and a detailed re-

port covering the cause(s) for rejection shal1 be forwarded to the ﬁﬁﬁLaarr ITET
Are vorked qualiflcatlon sample shall not be. submltted

4. 2. 2 Preproductlon, - Unless otherwise spec1f1ed by the procuring acti-
vity, the preproduction sample shall consist of at least five kits, .twenty
fluid ounces each, and twelve, 6-ounce frozen cartridges represgncative of the -
iéﬂﬁticai mater;ai aud manufacturing processes to be used in production. :

; & 2.2, Preproduction r@iaction. - 1f any specimen of the preproduction

sample. faiis to meet the requirements of any inspection 3pecirled herein, the
viﬁproéurtiaﬂ sample shall be rejected.  Before a new sempie 1is submitted, a
detailed report shall be forwarded to the precuring activity cove&ing the re-
jection and the action taken to prevent recurrence of the defect causing fail-
ure, -A teworked preproduction sample shall not be submitted. Production lots
will not be conbldered for acceptance Uﬁtll the. prepfoduction samaie has been
approved, .

4.2.3 Quality égsuraﬁceu - The qhalify(aSsufamce,sémple‘shaLi be selected
st vandom from the production lots submitted for acceptance., The quality assur-
ance sample shall be subjected to all examinations and tests specified herein
{see 6.2). ' ' ' v o ‘

4.2.3.1 Quality assurance reiéction. - If any specimen of tne quality
assurance sample fails any inspection specified herein, the entire lot repre-
sented by the sample shall be rejected. Before the rejected lot can be re=
submitted for acceptance, a detailed report shall be forwarded to the pro-
curing activity covering the regection and the action taken to prevent recur-
wance of the defect,cau51ng failure. The defect causing failure and the correc-
tive action taken will be the basis for permitting resubmittal. Any reworked
16t must be accompanied by a8 detailed report: concernLng previous rejection and
corrective action taken. :

4.72.4 Acceptance inspection. - The acceptance sample shall be selected
at vandom from each lot submitted for acceptance and shall consist of one kit |
or frozen cartridge from each of the lots submitted for acceptance at any one
time as specified in the contract or order. '

4.2.4.1 Acceptance inspection rejection. - Any item that fiils any accep-
tance inspection shall be rejected.  Rejected items may be vesubnitted at the
discretion of the procuring activity, after corrective action hes been taken.
The number and type of defects shall be the basis for permitting resubmittal.
Any reworked items shall be accompanied by 2 detailed report corcerning the
previous rejection and corrective actlon taken.

o
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v 3 Examlnatlcns = The compeund sh&il be ﬂx&mineé to detezmine
conformance to the requirements of 3.4.1, 3.4.2, and 3.6. Upon completion
o 3 téﬁting, examipe preservation, paca&giag, gaskiag5 and marking for
conformanee to the requirements of section 5° T

, % & anixficatlca tests‘ - Zﬁe quaiificatinn testa shall conaist
of aii the tests spe cified herein, ' ,

' é;S{ Test gﬁacedures.~

éaS.E Teat Cﬁﬁé;ﬁiaﬁg. .

& 5.1. l Szandard canditiﬁﬁs. - Stanﬁaré caﬂéitieas are defined as
24 45 degrees € and 50 percent maximum reistive humidity. Unless -
@%nezwise Ep@ﬁlfi@d tests shall he caa&u@teﬁ &t .standard ccnﬁitianag

. 5 1.2 Th&wing aanditionse - Iﬁe premixe& frezen catttidgég of.
coating compound shall be thawed for 30 minutes in a 49 % 3 degrees C
thermostatically controlled oven or heating block when taken from a starage
i%my%f&tuza of ‘minus 2§ degrees c pfimz to testing, :

4.5.1.3 ‘Mixiqgmand jggassimgs - When the material is supplied in two

psris, the curing agent may partially crystallize. It is permissible to
warm the curing agent in accordance with the manufacturér's recommendation,
except the’ temperature shall not exceed 60 degrees C. When heating, the
curing agent shall not require more than 60 minutes to completely liquify

~and become smooth and uniform without any crystallization or graininess.
When returned to 24 degrees C after heating, the curing agent shall remain
smooth and uniform. Flace the curing agent and the base compound in a
rlean, nouporous contalner having approximately fouir times the volume of

material, Mix the curing agent and the base compound throughly and

8 at g waximum pressure of 5 millimeters of mercury. The material

be agitated or vibratéd during degassing to break foam. Degas

watil foaming subsides. . The fime quuired ta degas a one quart quantity

shall ﬁOE exceed twenty minutes. e

4.5.2  Preproduction tests, = The pIepfﬁduCtiDn tests, when required,
shall consist of all the acceptance tests specified herein. The itemns
subjected to the tebts of 4.5.2.1 through 4.5.2.15 shall be considerad
ungerviceable but may be retained for ex&mination by the grcuufing

£LLVLty§

4.5.7.1 Dbielectric constant and dissipation factor. - Disc ageaiﬁeﬂsg
2 inches in diameter and 1/8 inch thick, shall be cured at standard
conditions.. Tests shall be conducted in accordance with Method AS]
"DL50-597, The specimen shall be tested &t lemegacycle per second amé
staundard test conditions to determine conformance to 3.5 (see 4.5.1).

oy
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C4.5.202 Dielectric strengeh, - Disc specimens, 4 inches i
~diemeter and 50 mils Lhick, shall be prepared as specified in 4.5.1.
The tests shall be conducted in accordance with Standard FED-STD-406.
The tests shall pe made under oil and at'a'frequency;of'kocrcyela@=,
‘per second, meximum, ;Thefyqitage,shali;be,increased uniformiy &t the

rate of 500 volts per ‘second to determine conformance to 3.5

4.5.2.3 Volume ané‘sufface'z@aieéiﬁity,’- Three disc specimens,
& inches in diameter and 1/8 inchithick,,shé}l;be.prepaze& &3 gpecifiad

in 4,5.1. Tests shall be conducted in accordance with Methed ASTM D257-61.

using & general radio-type 5448 bridge, or equivalent; with a test voltage
‘6% 500, Readings shall be made after application of current.  Lead or -
~ tinfoil electrodes shall be used and applied to the specimen with silicon
. grease thet conforms to SPesifiéaticﬁ;MIL-I£8660,"The guaxded electyrode
- ehall be a disc 2 inches in diemeter, centrally located on one face of
the epecimen, Ehe'ggaré,éiectr@ﬁe sha11;he'a'co&centzic ring with & .
2-9/32-inch Inbide diameter and an outside diameter equal to that of the
- Bpecimen. The unguarded electrode shall be a foil disc 4 inthes in . -
diameter applied to the opposite side of the specimen, The cest current
8heil be introduced to the guarded electrode, the guard eleccrode, and
the ungusrded electrode by means of a brass dise, 2 inches ia dismetrer
by L inch thick; e brass ring, 2 5/16 inches indide diameter by 4 inches
Gutslde diameter by 1/8 inch thick; and a brass ring, 4 inches in diameter,
respectively. Calculations necessary for volume dnd surface resisitivity
sha.l be made, using the ASTM formulas for effective areas and effective
perimeter, All gpecimens shall conform to the requirements of 3,5,

- 643.2.6 Axc vesistance. - Three disc specimens, 4 inches in diameter
and 1/8 inch thick, shall be prepared as specified in 4.5.1, Tests shall
be conducted in aceovdance with Specific&ti@ﬁ'MEL-Cmﬁﬁlﬁ, at a temperaturs
gf 24 + 1 éegreeéfc and 50 + 5 percent relative humidity maximum, to
determine confomance to 3.5. The purface of the test specimen shall be
smooth and free from dust and other contamination,

4.5.2.5 Insulation resistance, - Three specimens shall have
dimensions as specified in figure 1 or 2. The mold in which the dpecimens
ere cast shall provide for the accurate spacing of brass rod electrodes,
“hey shall be inserted at the opposite end of the specimen in guch a
manrer that 1 1/2 inches of the length of each pair shall be spaced
S 0.0%0 + 0.010 inch apart, Measaorements shall be made using . potential
of %00 volis. Electrification time shall not exceed 2 minutis. Teats
o -determine conformance to 3.5 shall be conducted at 24 and 121 4+ 1

degrées C after a conditioning period of 30 minutes at test :emperature.

WD
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4$.5.2.6 High potentisl, - Tesr @aﬁ{medg'ag;%pegztiﬁé in 403.¢¢5
shall be utilized for this test, A4 potential ot 1,000 volts root mean
sguace, 60 cycles per second shall bhe applied hetv:em all contacts. f@z &
period of 1 minute,  The tear vaitaga to denarmine confurmance to 3, S
chall be é@piiéd gradually at the rafe o 5 *GG vol*s each second

4.5.2, 7 Iemperarurn resisr&ﬂae. “ Khe wolumé VE%iﬁtEVltj ahall be
sined in accordance with paragraph 4.5.2.3, ex.ept the testing to
itine contormince to 3.5 shall be conducted at 121 + 1 degrees C
afcer & @&ﬁéiﬁi@ﬁzﬁg péﬁi@ﬁ of 3@ miﬁutea &t rhe teat ?ampetaturég,

4.5.2.8 F@qgug f@&i”?&néeq;“ The rent u@?uimﬁﬁ ah@ii be testéd

*‘ueﬁééﬁ@e with' paaceéuz% I of S$@cifxcaticn MIL-E-5272 tn &@%ermia@,
vmance to 3.4, ﬁg : : ‘

% 5. 2 9 Tesr. a%rength“ - Test spreimens cured in accordence with the
wanufacturer's instructions shall be #ubjected to the tear resistance tests
specified in method 4211 of Sténdard FED-S1D-601 to determine confcrmance
€6 3.5 ?h@ test Bp@cim@ﬁ% %hals %@ cut wiﬁh a mo&si c ﬁien

4,5,2.10 Moisture resistapce, - Thrﬁe test specim&v C&ﬁt ?or ,

insulation resistance shall have dimensions aa specified in €igure I or 2,
The mold in whalch the specimens are cast shall provide feor the accurats
gpacing of brass rod electrodes, Theyv shall be ineerted &t the opposite
end of the specimen in such a mannex thet 1 1/2 inches of the lenggh of
cach pair sh&ii be spaced 0.050 + 0.010 irch apart. ‘The gpecimens shall
be placed in' & humidity chamber at 24 @ 1 degrees €. The chamber tempei=
ature ghall h@ raised uniformly to 71 dsg?e@& C during a two-hour pericd,
maintaining 95 percent relative humidity. These conditions shall be
‘maintained for six hours. During the next Lé-how peviod, the temperature
of the chambes shall drop, at a uaniform rate. to 26 degrees C. This shall
constitute one cycle. A test to determine conformonce to 3.4.6 shall

onsisgt of five complete cyclea afeer wbx«h the test specimen shall be .
r%@teé as sgeeit%ed in 4,5.2.5, ‘ :

4.5.2.11 Teusile strenpth or elcapation. - The tensile strength or
elongation testing shall be in accovdance with method 4111 of Standaxd
FED-5TID-601. The dumbbell specimens shall be cut from the cast sheets
of the molding compound that has been cured fot 16 hours at 82 + 3 degrees C.
The procedure for determining elengation shall be in accordance with method
4121 of Standard FED-STD-60L and shall detewmine conformance to 3.5.

4.5.2.12 Shrinkage. ~ & cubical mold, approximately 1 inch om z2ach
ide and having an open top shell be constructed. The volume at 24 4 1
grees ¢ shall be determined. The velume shall be utilized for the

EA?&ratiaa of the compound as described by the manufscturer's recommended
A @@@%Eéa After gubjecting the specimens to 2Z& + 1 degrees C, the compound

"C‘;%% e 2
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shall be plaeced in an«air cirﬁuiatng oven at 82 + 3 deg;ees ¢ for

96 hours. Tha compound shall then be removed, aooleﬂ, examined, and
ics v@?ume at 24 4 1 degrees C determined by = the water disnlacem&nt
method.,  The ﬁercent shrinkagn shall be caXvuiated as iellows and shall
be &8 specmfie& iu 3 S »

| Pﬁrcentﬂéhtiﬁkagé = Vi . ¥2% 100
L V TN
Y1 = volume of mold
Vg = final wolume of compound
4.5.,2,13 Ccﬁﬁressicn get, - To determine.canform&nce,to73.5, the
compound shall be tested in accordance with method 331l of Standard
FED-ST0-601, except the test sample shall be cured for 16 hours maximum

.8t B2 degrees € and cast in.a suitable mold instead of cutting with a
i?@ul&r méﬁgi die. S

&, S 2 1& Sg@zage 1ife,

£.5,2, ié 1 Two-part giﬁsé,w The tWOvp&rt compound shall be capable of
@aa@&ng all examinstions and testo specified hevein and of conferming to
3ebad 5Ltér ‘being sﬁerﬁd faz & mcnths at 27 &egrees C maximum,

4.5.2,14.2 Frozen ca@gcund. - Th& frozen premized compound @hallybe
. capable of passing all examinations and tests specified herein and of
 conforming to 3.4,4 after baing‘stargd for 7 days at 29 degrees ( maximum.

L

&, Acceptanca tests,

4.5.3.1 Honvolatile content. - Fresh coating compound shall be

- transferred immedlately to tared containers 1 3/4 inches in diameter

~and 1/2 inch deep. The compound shall be leveled even with the top of

- Lhe dish. The dish shall be welghed and then exposed to 82 + 1 cegrees C
for 24 +4 1 hours. The samples shall then be removed from the oven; placed
ip a degicc&tor, and allowed to cool to room temperature, The dish shall
be weighed again to determine conformance to 3.3.3. Percent nonvolatile
content equals weight of compound aftex heating, times 100, divided by

the weight of compound before ‘heating. ,

4.5.2.2 bpeaiflc oravity. - The test specimen shall bé tested in
accordance with method 14011 of Standard FED»STDuéGl to determine con-
fcrmance to 3. 5
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- 4,5.3.3 Appucaﬂmﬁ life.

%o 2 WP ER

- C4.5.3.3.1 Two-part material. - A A50*gt8m sample of - mixed compound
shall be used to determine application L ife, which shall commence at the
- ead of the mixing period. A standard one-half pint can with its,retaining
~flunge vemoved shall be utilized, in conjunction with a Brookfield Vig-
cogimeter Model RVF equipped with a number 7 spindle, for testing and
¢hall be operated at 10 revolutions per minute., Consistency shall be
Jetermined st the end of a 50-minute period. Supplemental readings shall
be made at l0-minute intervals until a reading of 1,000 polsges is attained,,’
which shall be considered as the end of the amplicatxan life test. The
apindle shall not be drawn from the material during the tegt. Readinge
shall be taken to determine conformance to 3.4.2.1, when the pointer on

the viscosimeter dial first assumes a steady 9031t10n after a minimum
- of three vevolurions. .-

4.5.3.3.2 vPremixedg frozen material. - A 6 fluld ounce compound
cartridge thawed in accordance with paragraph 4.5.1.2 shall be equipped
with a & inch nozzle having a 0.125 + 0.005 inch orifice. The gun and
material shall be maintaiﬁed at a standard condition throughout the test,
... The gun shall be attached to a constant air supply of 75 + 5 pounds per
sguare inch gage. From 2 to 3 inches of material shall be extrudec
Jinitially to £ill the nozzle and clear any trapped air. Material will
be extruded into a suitable container and appiicatiom life determiaed
as sg@cifled in 4.5.3.3.1.

4.5.3%:4 Hardness, - The hardness tests shall be petformed in
e@mfarman<e with method 3021 of Standard FED STD-601 to determine con~.
formance o 3.5. ‘ '

4,5.3.5 Adhesion,

4.5.3.5.1 Metal test gpecimens. - A 3 by 6 by approximately 1/16
inch aluminum alloy panel conforming to Specification QQ-A-287 shall be
cleaned with a sultable solvent, conforming to Specification TT-M-261.
Clean cotton gauze shall be used to wipe the wet solvent from the
aurfaces and avoid vedeposit of contaminante. The cleaned surfaces
shall be primed with a thin coat of primer recommended by the coating
compound manufacturer and shall be allowed to dry im accordance w.th
the manufacturer's recommendations, but not to exceed 60 minutes. A
1/8 inch coating of the compound shall be applied to the primed m:tal
panel, A 3 by 6 inch area of a 3 by 12 inch strip of cotton duck
sheeting shall be intimstely coated on one side with coating compound
and placed on the panel leaving a loose end approximately 6 inches in
iength. The panel shall be cured for 16 hours at 82 + 3 degrees C.

ot
s
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Two 1 inch wide strips shall be cut through the compound and fabric to
the panel surfa”e and extended the full length of the loose end of the
fabric.  The edge ai thc patel sha%; not  be uged as one edge of the
te&t strip. ' - o

4.5.3.5.2 ?ibezg}ase test specimens. - A«S by 5 by appreximacely '
6 inch epoxy fiberglass panel conforming to Specification MSFC- SPEC-S??
j1

e

/

b

Q- et

o]

£3

cetions MIL-E-463, MIL-A-6091, or MIL-I- -10428; or =zylene, conforming to

 Specification TT-X-916. Clean cotton gauze shall be usged to wipe theé watg

solvent from the surfaces and avoid redeposit of contaminanta, The cleaned
surface shall be primed with & thin coat 6f primer recommended by the -
coating compound manufacturer, but not to exceed 60 minutes. A 1/8 inch
- coating of the compound shall be appifed to the primed metal panel. A4 -
'3 by 6 inch avea of & 3 by 12 inch strip of cotton duck sheé»iug shall
 be intimately costed on one side with coating compound énd placed on the
. pamel, leaving a loose end approximately 6 inches in length. The panel
-8hall be cured for 16 hours at 82 +.3 degrees C.  Two I inch wide strips
@ha 1 be cut through the compound. and fabric to the panei surfece and
extended the full length of the loose end of the fabric, The edge of
th@ panel shall not be used ss one aég@ of the test strip.. FIEE

o 4.%.3.5.,3 Test weth@d - The test gpecim@na prépared- iﬁ accozdéne@
with 4.5.3.5.1 and 4.5.3.5.2 shall be tested in accordance with method
6031 of standard FED-STD-60L, except that a 180 degree pull and & jaw.
seperation rate of 2 + 1/& inach per minut& ghall be uﬁ%d to n&ﬁérmine_ji
a@ﬁiazmgnc@ £o 3.5, .

5. ?REP&RA@LON FOR DELIVERY

5;,1, ,_ .

ﬂﬁitA’ﬁCk&f

5.1.1 ‘Two-part kits. The base compound énd curing agent shall be
packaged in individual containers. The ratic of the quantity contained
in the base compound container to the quantity contalned in the cuxing .
agent container shall bg the same as the recommended mixing retio of the
base compound &ﬁé cufing agent ~

5.1.2 Frozen ccmpmuﬁd |- The frozen compound shall be premixed,
degassed, and packaged in 5, 6, or 12 ounce polvethylene cartridges -
complete with a plunger and sztridge cap. :

5.2 Pac klngo - All exterior shipping containers in the shipment
shall contain the same number of the type of unit packages., Shipping
containers shall be of uniform size and shall be so designed as to
ensure that damage is prevented during handling and shipping. Frozen
shipments shall be packed in & manner that will prevent thawing ox
other damage during transit., = o

15
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'5;3 Earkingo

©5.3.1 Base compound eﬁntaiaers*.w Each base campouné ccntaiﬂer
*‘3haLi be duzaaly and legibly mazkeé with the iuilﬁwiﬁg information'

{a) Title and mumber~o£ thxe specificaﬁian.
(%}',ﬁanufaatufer s name and address.

(c) Manufac turer's. grcduct designatzcﬁgl_"
‘(d} %aﬁufaeterez s‘@atch ﬁesignatipn., ’

(e) Manufacturer's Bétch désign&tion’Eer thé curing~&gémtfthat
the base compound is to be used with. :

{E) Stqck’number. 
(g}‘:Béte of manﬁfac%ure;‘i‘
(h) Contract number,

{i) Quénti&y camt&inéd.

5.3.2 Curing agent container. = Each‘curiﬁg,agent container shall be
durably and legibly marked with the following information:

(é)‘,Mahufactuxer?s'néme’and address.
{b) Manufactuzeris product designation.
{c) Manufacturer's batch designation.

(d) Manufacturer’s batch designation for the base compound that
the curing agent is to be used with.

{ey Date of manufacture.

5.3.3 Frozen cartridges. - Each frozen cartridge shall be durable
and legilly marked with the feilew;ng information: ' ‘ ’

(a) Title and number of this specification.
{b} Manufacturer's name and address.

¢} Menufacturexr's product “designation.

G
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©
i
@
rf;j€h§ 
(1)

‘Manufacturer's batch designation.

Stock number:

Date of manufacture, -

Lcéﬁtract numbez.
‘Quantity contained.

‘Date mixed, degassed, and frozen. -

5 3.4 Fxterior shipping cuntainerq - Each exterior shipping C@ﬁ%&iﬁ%?‘
B shell be- durebly and legibly marked with adequate instructions to ensure
- that damage during handling and shipping ie prevented. . Ingtructions for
“hatdlisg to prevent thawing during transit from the manufacturez to the
 procuring activity and storage after receiving shall be marked on 21l
gxterior shipping containers for frozen cartridges. ‘

6. NOTES

6.1 Intended use. - This épecification i8 intended for use in
" qualifying elastomeric compound (for conformal coating) to be used on
pr inted circuit boards and associated equipment.

6.2 Ordering &&ta@ - Erocurement éocuments should 8pecify the

~following:

(a)

(b)

(¢}

(d)

(&)

(g)

Tit}u, ﬂumber, and date of thxs specificatian‘

Whether pzepzuduction samp}e is required (see 3.2. 2}

'Whether quality aasuran@e sample ig required {see 3.2.3}.

Appliéable quality control'pubiication (see &,1),

Amount of compound reqair@d for ?I%pfadmctiﬁﬁ sampie
(see 4.2.2).

Wnere the pzépzuduetioa test will be accomplished (%&é 4.2.2%.

Amount of ‘compound required for - qualzfy assuranc sﬁmple
(see &. 2 3y, :

Where quality assurance test will be accomplished
(see 4.2.3).

17
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(1) %hether special p2¢aervat10v, packaging packing,
and markiﬁg 15, requ:zedg

£.3 Provisions fov anliflLatJOﬂ; ~ With résp?ut Lo pzoddirs requiring
ﬁualzzicahzo., awards will be made only for such prouducts as have, prior to
the bid opening date, been tesred ‘and apgrgved for inclusion into the appli-
rable qualified products list whether or nut such products have actually been
iisted by that date. Thegsupplier's attention is called to this requirement,

{ manufac-urers are urged o make drrangements for qualification testing
¢ the products covered by this’ Specmfication. Request for information -

¢

of
2%
2

pertaining Lo qugigficaticn of proéugta vovered by this Specificarion should
% édzessed to: o
g%ief Pilcf Manufaatuzing Braneh
V‘Aﬂufienics Laburatory
seorge C. Marshall Sp&ae Flight Cﬁnterr
Huntsville, Al&hama ‘ ‘

Hotice. - When Gﬁvernment drawings, specitications, oT other égta are
uged for &ﬁv purpose other than in connection with a definitely related
Govermmznl procurement operation, the United States ‘Government thereby
incurs no responsibllicy nor any obligation whatsoever* and the fact that

the Covernment may have formulated, furnished, or in any way supplied the
said drawings, specifications, ox other data is not to be regarded by
implication or otherwise as in any manner licenslng ‘the holder or any
other person or corporation, 0 conveying any. rights or permission to
mapufacture, use, or sell any patented invention that may in any way be
related thereco. o i R e

Cuztodian: : ‘ E :, , ?repéring,activity;”

Eﬁgﬁ'w George C. Marshall @pace ,,  ~ George C. ﬁarsnali Space
Flighr (Centear SR FLLght Centex

18
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. APPENDIX 2

' 'Vacuum Welght Loss’ Test Data on ,Pottmg -
" Compounds 1015 and QC-15 and on Conformal

'  Coating MRTA 5 from "QASA Wh:d:e Sands Test
Facﬂlty - o
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© VACUUM WEIGHT LOSS DATA

Sample: Potting compound 1015 conted with FTA# 3

Originel Welght: 13,8193

 Slepsed! | Gms. We. % Wt.  Elspsed  Gms. Wt. % Wt.
Time . Loss  ~Loss ~  Time  LOSs- Loss

Chhe. - 0.03585 ’9;253":_i: 11hfé41'f6.O888O  0.643

ine. 0.05120 0,370 12 hrs.. 0.08980  0.650
13 nrs. 0.05983 0,433 15 hrs.  0,09070  0.656
~_72_hrs;f*0~0354G ff“o§4?33}:: ;'léfh;é; 770.09150,;_@@é6é; 
o2k hfs;'Q9069§5 ’  é§5o3 ‘: 5,'_15ﬁh§sf, 10.09225 0,668

(o)
3

&

©

rs. 0.07865  0.526 16 hrs. 10.09300 0,573

¢
Wi

hes. Oe 17 nps. 0.09362 0,877

Liad
:3“
i)
[
@

| ' 0.0.07609 0.551 + 18 hrs.  0.,09425  0.632
Vipil hrs. e b - 18 hrs;  0.09479 0,686
5 hre. 0.07913  0.573 20 hrs. . 0.09535  0.690
SR mrs. o e hrs.  0.09585 0,694
6 hrs. 0.08160  0.590 22 hrs.  0.09635 0,607
7 hrs. 0,08365 0,605 @5 hrs.  0.09685 0,701

o
5
e
L

@

0.08525  0.617 24 hrs.  0.09735 0,704
9 hrs. 0.08671  0.657 25 hrs.  0.09765 0,707

©10 hrs. 0.08770 0,635
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V&csg” WEIGHT z@ss,z&;gf

Qc-15 Qc%axnw aomwaund coat&i witﬁ “TA #5 .

L7h  _21;0§091

qu«s o

 't;3lé§S6§E”
Tima 0

;“Gms;'Wt.*f“

Tar Wt. %
Less .

1  Time

Elansed

- Gma.
 Loss

We.

',%}*"té,J

Loss

o

10

- hrs,

‘hrss

‘hrs.

‘hyrs,

hrs,

hrs.

ki Q;G2S9b f 
0.00720  oas2
ifO 36415)f‘ . :
 0 07686 f;
o, 0°73of 5
Sy 09610:_f4
0. 104051 fn
o.1148
fogrhs*f
ECQ;IQQQQ ; }jO?3g6f;; 
‘;hfégi:9;1323d f”
0.14060
/Of14759'  
0.15385
0.15945

S o :
u‘OééSS

s

0.083

Cozor
i?lép’

j l5;hrs¢f;

5}942@s;i‘
o.eel
7}@,33015;
o
' Q;575 _‘;

,;fOVQQSlL

0,476

. 0.496

g
fﬂié;

16

i
18
20

a3
24

132

25

hrs. .

hrs.

4}’1?5@

hrs, -

hrs.

whré§
nrs.

nra.

hra,

hrse i

hrs.

015455
,fb 16917?f
fo 17540
0.17730
,_@.13080'1‘
_o;iséi4~
j§0‘1ééao;;
0.19013
hrs.  0.19295
o '"0;19550;]:
0.19815
. 0.20050
0.20280
0.20510
0.20720

©0.530 .
0.545

0.557

3 : G.o 5!’?1

0.582

0.593

0.603
- 0.613
0.629
0.630
0.538
0.h48

0.653
0.861

0.668
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VACUUM WEIGHT LOSS DATA

- Sample: conformal coating MBTA # 5

B

~ Originsl Weleht: 98,6818 gms.

Hapsed | | Gms. We. % Wt.  Elapsed  Gms. We. % We.
 Tims. .. Doss  Loss  Time = Loss . Loss

SEER o  ” ;6¢015 5  i»r11 h”s?']40éc7§51',;0?9?9ka.,,
Lme. o.so7r o8 12hve.  0.07318  0.074

13 nes. 0.03790 0,088 18 hrs.  0.07476  0.076
2,hrs@_fé;s43#é " f:é.aééf; ?7 14,553* p“i¢é07835i~ 0.077

© olhra. 0.02655 0,047 15 hrs. 0,077 0,079

5 nrs. 0.04931  0.050 16 hrs.  0.07921 0,080

| 8} hes. 005176 0,052 17 hrs.  0.08055 0,082

=
=
B
0
&

. 0.05893: 0,055 18 hrs.  0.08176  0.083

e
e
W

0.05591  0.057 19 hrs.  0.08205  0.084
hrs, 0.05752  0.058 20 hrs.  0,08403 0,085
0.05806 0,060 ~ °L hrs.  0,68511  0.086

ol
S
!
@
@

0.06050 0,061 22 hrs.  0.08617 0,087
hrs. 0,06306 0,064 @5 hrs.  0.08714  0.088
hrs. 0,06541 0,066 24 hrs. ~ 0.08811 0,089

o
it
la
©

hrs. 0.06758 0,068 25 hrs.  0.08896 0,090
10 hrs. 0,06956° 0,070
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